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This manual presents a prccednre f ox the /desigii of 
systems, Slov rate, rapid infiltration, an c overland 
for the treatment of municipal vastevaters are /given 
emphasis. The basic unit operations and unit processes ar€ dliscussed 
in detail, and the design concepts and cri/tezia are presented. The 
manual includes design examples asV veil as actual case /stibdy 
dei^riptions of operational systems. Information on planning and 
field investigations' is presented^lctg with the pzoceas design 
criteria f or both Ijarge and small scale systems, (Author/EB) 
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Wastewater treataent is a problem that has plagued man ever since ' 
he discovered that, discharging his wastes into surface yaters can lead 
to many*, additional environmental problems.! Today, a wide variety of 
treatment technologies are available for use in our efforts to restore 
and maintain the chemipial, 'physical^ and biological integrity of the 
nation's waters.. . , ' 

Land treatment systems involve the use of plants and the s.<^i5 to 
remove previously unwanted contaminants from wastewaters. Lanct treatment 
is capable of achieving ranoval .levels comparable to the best .available . 
advanced wastewater treatment technologies while achieliring additional 
benefits. The recovery and beneficial reuse of wastewater and its ^ 
nutrient resources through crop production, as well as wastewater treatment 
and reclamation, allow land treatment systems to accomplish far more . 
them conventional treatment and discharge alternatives. 

• Becau3^ they contribute to the reclajnatio.n and recycling requirements 
oi P.L.. 92-500, land treatment proceS'ses should be preferentially considered 
as a^^aiternative wastewater management technqlo^. While it is recognized 
that ac&wat^ce. is not universal, the ^utilization of laiid treatment 
^systems hais the potential for saving--biilions-6f dollars. This will 



^benefit not onJLy the^ nationwide water— but ^ 
will also provide 'an additional mechanism -for the recovery emd recycling 
of wastewater as a resource. • \^ . ^ 

' This manual was Jointly sponsored by the U,^. Environmental Pro- 
tection Agency and the U.S. Army Corps^ of Engineers, which ia ■';urn drew *\ 
upon the best talent available in the' scientific* fields involved, ' ' 

including that, of the U.S-. Department of Agriculture. It is hoi)ed that . 
the manual will help provide a breakthrough between the research a^id . .. 
demonstration phases, and full implementation of land treatment processes 
for treating wastewaxer while regovering and recycling wastewater , ' 
nutrients^ in , a beneficial manner. 

The outputs from many hours of effort spent, on refining the land 
tVeatment processes, by the Research and Development arms, »of both agencies 
have been blended into this practical design manual on land treatment 
processes. Without the dedicat,e(^ efforts of the many individuals involved, 
the potential role of land treatment s,may never be re&lized. • 




Thomas G. Jor^ng . • j . . Ernest, Graves- 

Assistant Acl^nistrat9/ ' Major General, USA 

Office of Water and Hazardous Materials Deputy Chief-, of Engineers 



\ ' V ,, ■ ABSTRACT • ' - ' ' 

This manual presents la rational 'procedure for., the - design of land 
treatment systems. Slow rate, -rapid infiltmion. and overland flSw 
¥ho'K!!f treatmer^t of municipal wastewaters are giJen embhas s 

The bas c urn t operations and unit processes are discussed n detail and 
the. design concepts and crit^i'la are presented. aetaii, and 
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. ■ . / ^. '' ■■• ■ 'foreword;-' ' . - . ' • ; ' ^ ■. ■ ■ 

Land treatment is a* reliable efigineering process .for wastewater 
management. - Land applicati'on of wastewaters has been practiced in ,a 
number of modes, including 'crop and/lanxiscape trrigation; as a -treatment 
pro.cess with c(Jl lection and 'discharge of treated wateV; as indirect, 
discharge to surface water; and as application to the soil surfc(ce for 
groundwater recharge.. It is possible to modi fy^any of these modes to 
meet project objectives, including the combin^tion,.pf several in a single 
management ^sH:em. ' / \ , • • v. 

The benefits of land treatment systems can go beyond the treatment of 
wastewater. Land treatment' processes- involve the recovery and beneficial 
reuse of wastewater nutpients and other el emehts through good 
agriculture, , silviculture, ^hd aquaculture prae^ices. These practices 
permit the achievement af^advanced levels of wastewater treatnent as well 
'as .water reclamatii^ri and: resource recovery objectives of recent 
envirohiiientaV legijStli'tiQO.'^v the prodUctipn of revenues through the sale 
of byproducts (e.g. , crops) can be realized. Land treatfnent 'systems can^ 
atd. in the' Reclamation and reuse of water, .resources, rechargeT of ^ 
groundwater aquifer-s,> reclamation of marginal 'land,\a.nd the preseVvation - 
of open spaces for future greenbelts. \ ^ y 

It\is/the purpose of this. maLQgaJ-ta^:^st^ bas^^^^^^^ of land 

trfeatmentJv and i to -iplresent aP; rational procedure for\ design of. land 
:.treatme'nt systems. . Information contai ned >;i n Ithi s manual can be used in 
identifying^ al ternatives. during ^^^^^ selecting a process 

alternative pr site, in. determining necessary field investigationSj and. 
in conducting the process design. / ^ , 

This manual is . unique in the Technology Transfer Process Design Manual 
series because its. preparation was. jointly sponsored by the U. S. : 
Environmental Protection Agency (EPA) and the U.S, A>rmy»r Corps of' 
Engineers. The U;.S. Department of Agriculture (USDA) provided technical 
assistance during the": review process. In , recognition of these 
contributions, the cover and title page were designed to clearly indicate 
the endorsegient of these three agencies. The review process included 
9\/er thirty individuals contributing significantly to' the preparation ^of 
. this manual. They provided a broad range of technical experti'Se and 
represented a wide variety of agencies, and institutions. Thi s' extensive 
review ens^re.d the accuracy and the -authority of fihe product. - 

The manual represents the^ current state-of-the-art with respect to 
criteria, data, and procedures for the design of land treatment processes 
for * municipal wastewaters. Much of the information is also applicable 
for design of sysrtems. managing industrial wastewaters. Revisions and 
improvements will /be made as results of current and future research arid 
development become^ available. 



.20 



xvm 



CHAPTEK 1 * 
JNTBODUCTION 



.1.1 Background and History ' . . • ^ v 

* • . • " ■ V ' ' •'•■■■«? ' ■ ■ ' ' . ' ■■■ ' ■ , ■ ■ • ' . 

Land treatment of municipal wastewater tnytflves the li'se of plants,, the 
soil v^urface, and the sol] .matrix, to remove many wastewater consti- 
tuents.,. A wide ^vaniety of processes can be used /to achieve many differ- 
ent Objectives j)'f .treatment^ water reuse; ni^trient recycling, and crop 
prodaction. ^ ^ . ; . ' 

Tpe ct)ncept of land application of; wastewater certainly is'not new Ijo 
the. .field of sarjitary engineering, EVidence'of such systems i it western 
clytlizatipn extends back as.far. as ancient Athens II ]. V Avwastewater 
, irrigatipn system in Bunz1aw,'Ge:nnany, is r^eported to have, been in-of>er- 
ation for. over 300 years/beginning in 1559/£^]. . ' 

■ ■ •::/'S- '-^vv.v> :,.v '-r' 

Tfie greatest proliferation of land treatment systems occurred in Europe 
In,.- the ^second half of the nineteenth century. PqTl4Jtion (if- many reivers 
' had reached unacceptable levels, and disposal of 'sewage on the land was 
.the^;^bniy of treatment available at'^e^Wme. -;^-5ewag^^ 

ifaHnjing,"^^^ practice of transpprting sewage into, rural areas for irri--- 
' gation»^ah(l disposal was commonVy ^used by ifiany European cities; inclu- 
ding, some 'of those. shown in Table 1-1. v In the 1870s, thelpVactfce was 
^recognized in England as ,treaftmeht, with many underdr^^ii^a -systems ex- 
hibiting sparkling cl;ear effluents [3]. As urban ar^as expanded and in- 
plant treatment; processes became av^ailable, many of these^ older, systems 
were abandoned '&§cause of land development -pressures. 

Early experiences /in the i Ignited- States also date back to the 1870s [4]. 
As in Europe, sewage farmi rig "became relatively cbmmori as a" first attempt 
to contHrol water poll utioji. In the first half of the twentieth century, 
these early systems were ge.nerany replaced either by in-p1 ant treatment 
or by (1) managed farms where treated wastewater was used for crojj 
production, (2) leindscape "irrigation sites, or (3) groundwater recharge 
"^sites [T]. .These newer land treatment -"systems: tdlided to predomiiwte in 
the West where the resource value, of wastewater-was an added advantage. 
In addition, experience with land application of food processing and 
pUl^p ' and paper industrial wastewaters has been drawn upon in developing 
the technology of land treatment [1 , 5], 



The increa;5ing use' 6f land treatment over the Tagt 40 years is shown in 
Table 1-2, which was compiled from periodic inventories of municipal 
wastewater treatment facilities [2]. While, it is evident that the' 
number; of systems has steadily grown, -it still represents only a small 
percentage of the es.timat^d 15 000 tptal municipal treatment facilities 



. - -TABLE 1-1 . , . V . 

SELECTED EARLY LAND APPLICATION SYS TE-WS 
, [1, 2, 5, 6, 7, 8] . 7 ; 



V • ■ • , . _ *■ _ 
l!ocation 1 


Date ' 
started 


Type of 
.• system 


Area, 

'..>acres 


Flow, 
Mgal/d 


International ' ' . * ^ 






• V ■ . 




Croydon-Beddington, England • 


1860 . 


Sewage. farm 


• 630 


5.6 


Paris, France " v 


1869 


SR^ 


16 000 


79 


Leamington, /Engl and 


1870 , 


Sewage farm 


400. 


1 


Berlin, Germany 
WroQl aw , "Pol and * 


1874 


Spv/aae 'farm 


6p OOO'"" 




f 1882 


Sewage ■ farm 


• 2 .000 


28 


Melbourne,. Australia 


.1893 


SR 

' OFb ; . • 


10 '400 
' . 3 500 


50 
70 


Braunschweig, Germany . * 


•'1896 


. -SeWge farm, 


.11 boo 


16 


MexicG City, Mexico ' r , 


1 900 " . 


*SR . 


ljl2 000 


570 


United States 










Calumet City, Michigan \ ^' - 


1888 • 


RI^, 




1.2 


Woodland, California. 


1889 


SR^ \ V 


, . 240 


4.2 


Fresno,. California 




CD 

bK . . , 


/I nnn ■ 
H UUU 


CO 


San Antonio, Tfexas 


1895 


SR , . 


4 000 


20,. 


Vinelarid,' New Jeriey 


mh 


RI 


14 


0.8 


Ely, Nevada 


' 1908 


SR 


1 400 


1.5 . 


a. SR = slow rate. 










b. OF * overland flow. 










c%, RI « rapid infiltration. 










1 acre = 0.405 ha . 
1 Mgal/d = 43.8 l/s \ 








■ ■-■ s 
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• TABLE 1-2 

U.S. MUNICIPALITIES 
ING LAND TREATMENT [2l 



No. of Popu1aJ:ion ' 
Year systems served, millions 




•1940' 
1945 
195? 
1962 
1968 
1972 



'304 
422 
461 
401 
51? 
571 



-0,9 
1.3 
.2.0 
2.7 
4.2 
6.6 



1-2 



22 



In recent" years, much effort has been spent on dav^foping land treatment 
technology, and improving methods of control. ' The ^^artous types, of land 
treatJnent > systems have become accepted a,s viable kstewater management 
techniques that;should be considered equally with ahy others. The regu- 
lations, developed -pursuant to ' the Federal Water Pollution Control Act 
Amendment? of 1972 (PuMic, Law 92-500 ).requi re, thkt such consideratioh 
Jjp§n for feder'ally^ funded municipal wastewalter projects. In the 
Act, -f.li*ie. Environmental Protection Agency administrator is directed to 
encourage waste treatment management that I resijl ts in facilities- for 
(1) thiB recycling, of potenti9a„'i)ollutant'5 thrpugh the production of 
agricultural,-- silviculturSil , and. aquacul tura/I products; (2) the 
reclamation .of wastewater; and (3) the eliminatfbn of the discharge ^f- 
pollutants. • - '/ • ■ 



1.2 Objectives 



Jhe primary objective; of th-is - manual is 

source of information to be used in the pi 
. treatment systems. . 14^ is not intended /t 

polity on land treatment>>but rather to set fo 
^ state-pffthe-art technol ogy. Recommended prof 
^eyeral / exampTes are, presented which are in1 

ajnd design aids. * 1 



;o provide a Comprehensive 
anhing and, design of land 
'serve as-- a definition of 
•th and extend the present 
ledures, casiie studies, and 
nded to serve as planning 



Throughout the manual,^ emphasis i s given i|o th? wide range of 'design 
possibilities available /for land - treatment systems. The user 'is 
encouraged to adapt the techniques and procedures described to sui ■ 
local needs and conditions. 



1.3 Scope of the Manual 



Planning and technical information forT.iqh of. the following major 
; wastewater treatment progesses. involving l atM',afpp>i cation are -presented: 



•' Slow rate fSR), also referred to^a^ 
• Rapid infiltratitfn' (RI) . . 
r Overland flow (OF) 



crop irrigation 



Other types of systems,' such as wetland and subsurface systems,'' whi ch- 
are uncommon or new, are al so. described but in le.ss detaiM. Systems 
^ .specifically involving the land.appTicatiori of sludge,, injection wells-, 
■'Sealed evaporation ponds, and conventional, septic tank leach fields are 
not covered*. ' . : 



The scope of most of 
medium- to-large systems. 



the- information in the* manual is directed to 
For small systems, say. 0.1 million gallons per 
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day (Mgal/d) ['4.4 L/sD; or l&ss. many of the design procedures presented 
in the manual, must be realistically simplified. Special considerations 
for small systems are- discussed separately in. Chapter. 6. 

To minimize/the amount of theoretical arid background informeyti on in the 
manual, papfers on six ' topics of special .interest are /included as 

• appendixes. - These papers were written by rkognized expe^rts in their 
L^par.ticular fields and cover the following topics: (1) nitrogen, 
^2) phosphotus, (3) hydraulic capacity, (4) pathogens, (5/) metals, and 

- (6) field investigation procedures. These appendixes, form. /the technical 
foundation "for the body of the report. Research results reported in 
this manual are current through 1976. Detailed proce,diires for Jeter-; 
' jnining. capital arid operation and maintenance costs are npt included in 
this? manual. Sources for such information are given inyChapter 3 along 
with general summaries. • ^ 

* ■ • 

1.4 'Guide to Intended Use 

■ The contents of the manual should be helpful to a va/riety 'Of different 
users including those seeking to gain a general J)erspective on land 
treatment and' those looking for specific design Information.: Conse-. 
quently. the manual is.organized to allow the userjfco locate particular 
information atid to concentrate on specific areas df interest as easily 
as possible. Subject, location, and author indexe^ are;provided to al- 
low easy access to specific information. A glossar'y is also provided to 
qive definitions of terms germane to land treatmfent which might not be 
familiar to the traditional civil/sanitary engineer. The following 

■ brief chapter descriptions are provided as an introduction to the organ- 
i iza.ti on -of the manual. 




.Chapter 2 - Treatment Process Capabilities and/Obje«tives. 
The basi c cbncepts of each- process of lar/d treatment are described. 
Standard terminology and ranges of importaht design criteria that are 
. encountered throughout the rest of the manua.l are presented. 

-Chapter 3 - Technical Planning and Feasibility Assessment. ' . 
Informati on for those users involved tn both regional and facilities 
planning efforts is provided. Most of the technical information. and 
guidance contained in the manual, is bresented he>e and in Chapter 5. 
Procedures are described for investigating sites and for developing and 
evaluating, land* treatment alternatiy/es. Wherever possible, desirable 
ranges of criteria associated with physical characteristics are given. 

Chapter 4 - Field Investigations. / ^ ^ 

Field ' In vestigations are .outlined for each land treatment process. 
Reasons for field tests, are given i;»'ong with guidance on possible inter- 
pretation of test results, .f . 



chapter 5 - Process- Desigiy 

Design guidelines are presented tor projects in which the site and 
process have been- determined. In the first part of the chapter, e'ach of 
the _ major treatment processes is di scussed* separately with respect to 
application rates and removals of various wastewater constituents Sub- 
. sequent sections are devoted to design components of land treatment 
.systems. These include preapplication treatment, storage, distribution 
and management of renovated water. Discussions are then provided on 
vesetation and agricultural management' system monitoring, and facili- 
'tres design guidance. • . " 
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lapter e. - Small Systems. ' * * 

HiipTifTed designs that are possible for small commuryty systems are 
Bscnjbed. Shortcuts vfor the planning and design procedures described 
1^ Chapters 3 and 5 are giver) along ► with special ^considerations. A 
design example IS also included. • ... 

'Chapter 7 - Case Studies. ^ \ V . 

'JC^f ?^ "^"'9" criteria and. operational 'characteris- 

tics, of^ll successful land treatment systems are preserited. The systdms 
nSf f ^« ^? represent. as broad a cross-section as possible with res- 
pect to type of system, size,. and location. ^ 

^pnapter 8 - Design Examolp. • ' 

example that illustrates the principles described in Chapters 3 and s' 
c^Sr^'f; ^1°^ °^ iQMgaT/d (0.44 m3/s). i/. .a humid easterJ" 

climate alternatives are developed and compared for slow rate and a 

^aoB^M^=»tla^ the overland flow and japid infiltration processes.: 
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6. /Hartmani W.J. Jr. An Evaluation df Land Treatment of Munictpal 
' Wastewater and- Physical Siting' of Facility Instanations. May 

■ 1975. " . \-' : ' " ■ .■■ . ^ ' ■■. ■ ■ ■ 

7. . Balllod, C.R./ et al. Preliminary Ey*luat1 on of 88 Years Rapid 

Infiltration of . RaWf ^Municiipal Sewage at .Calumet, Michigan. 
(Presented ait -the 8th Annual Cprnell Waste Management Conference.' 
.Rochester. April- 197'6.) k--^ :•• ; 

8. Bocka, J. and- J. Palucht the Effect of Irrigation with Municipal 
Sewage on the Sanitary Condition. of Ground Waters. Zesz.'- Nauk, 
(Polan/J) WSR Wcoclaw, Melioracja: 14(9a):49-59. 1970., 



4) 



) 



28 



■■■I*.- 



• , • CHAPTER 2 ■ ■ . 

- ^ , . TREATMENT..PRQ^SS CAPABILITIES AND OBJECTIVES .... . 

2.1 Introduction . ' „ ■ 

Land treatment of municipal wastewater encompasses a wide. variety of 
processes or methods. The three principal processes, as referred' to in 
this, manual, are: • . - ■ » 

1 « Slow rate " » ' 

.2. Rapid infiltration 

3. Overland flow 

' ■ • ■ ' ■ ■ ■ ' I ■ ■ a. ■ , . 

Other processes, which are less wideTy used, and generally less adaptable 
to large-scale use than the three< principal .ones, incT^ide: " 

1 . ; Wetlands " • 

2, Subsurface ■ . 



The major concepts involved iji. these processes are introduced in this 
cTiapter. Descriptions are given, of. system objectives and treatment 
mechanisms. < 



Typical design, features for . the various 1 and treatment processes are^ 
compared in Table 2-1 , .-i^ith more detail provided in Chapter 5. The 
major site characteristics are compared for each process in Table 2-2, 
with more detail provided in Chapter 3'. The, expected quality of treated 
water from the. three principal land treatment. processes is shown in 
Table .2-3. The' jnajor / removal mechanisms responsible* for the quality 
improvement are described for: each land treatment process in the follow- 
ing sections.. - ■ ' .= " ^ . ' 



. •; , , - -fly.- , 

2.2 . Slow Rate l^rocess 




In- several ; .previ pus EPA reports; i ncl \xk\ ng^: Evaluation of Larid-Appl ica- 
tion Systems . [l;j, slow rate land treatment was referred, to as i rriga- 



tion. The term slow rate land treatment is used to focus attention on 
wastewater treatment rather than on irrigation of crops. However, *in 
sl^oW rate Systems, vegetation is a criti.cal cbmponeat for managing water 
arid nutrients. .' , . • ' . - — 



■ TABLE 2-1 :■ :■. i 

COMPARISON OF design' FEATURES FOR LAND TREATMENT PROCESSES. 



Principal piftcesses 



Other processes 







Rapid infiltration Overland flow 


^ 

Wetlands 


Subsurface • ' 


^|)licat16n^techn1que$ 


Sprinkler or . 


UsuaUy surface 


Sprinkler or 
surface 


Sprinkler or . - 
surface 


Subsurface pipirtg . 


Annual application 
rate,' ft .' 


2 to 20 ' , 


20 to 560 


1A 7A 

Id to /U 


f to 100 


8to 87 " , • . 

'« , ■ ■ 


lield area required, 
•afresb; •■' "'^ :■ 


56 to 560 


' 2 to 56 


16 to 110 


ll'to,280 


13 to 140- 


Epical weekly appli- 
cation rate, tn. : 


0.5 to 4 


4t0;120 ■■ 


2.5 to 6C , 
6tol6d 


1 to 25 


2 to 20 


.Minimum preapplication 
treatment provided 
In United States. ; 


Primary.. ■ 
sedimentationfi 


. Primary, 
sedimentation 


Screening and 
grit removal 


Primary 
sedimentation 


Primary, ' , ■ 
sedimentation 


Disposition of 
applied wastewater •' 

M for ««gebtjloii 


Evapotranspiralilon Mainly , » V 
and percolation per^col^tion ,■ 


Surface runoff and Evapotranspirationv 
evapotranspi ration percolation, 

with some ' and runoff !*. ■ ' 
oercolation .'-^t^ 


Percolation 
with some ;, 
.eviptf^ranspi ration 


Required 


OptionaV ' . 


Required . 


Required. 


Opt(ional , 



a. Includes ridge-andvfurrow and border strip. ■ | ■ • r ^ 

•b. . Field area in acre^not including buffer area, roads, or ditches for 1 Hgal/d (43.8, L/s), flow, 

:c. ' Range for applicat^^^^ 

•d:: Range for application of lagoon and secondary effluent. * 
f. Depends on the use of the effluent a^ 




T in, = 2.54 on 
• 1 ft ' 0.305 m' 
".•1 acre"' 0.405 "ha ^ 
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TABLE 2-2 ": '; " ' ' 

COMPARISON OF'- SITE CHARACTERISTICS FOR LAND TREATMENT. PROCESSES 



Principal processes 



Characteristics Slow rate 



Other processes 



Rapid infiltration 



Overland flow Wetlands 



Subsurface 



STgpe 



Less than 20% on culti- 
vated land; less than 
40% on noncultlvated 
land 



Soil. permeablllljM Moderately slow to 
«|MX>derately rapid . 



Depth to 
groundwater 



.Climatic . 
restrictions 



1 ft - 0-305 m 



2 to 3 ft (minimum) 



Storage often needed 
for cold weather and 
precipitation 



Not critical; excessive 
slopes require much 
earthwork 



Rapid (sands, loai^y 
sands) ; 



Finish slopes Usually less Not critical ^ 
2 to 8X than 5% 



Slow (clays, 
silts, and 
soils with 
lippermeable 
barriers) 



Slow to 
moderate 



Slow to rapid 



10 ft (lesser depths 
are acceptable where 
underdralnage Is 
provided) 

None (possibly modify 
operation In cold 
weather) 



Not critical Not critical Not critical 



Storage Often Storage may None 
needed for be needed 
cold weather for cold p 
weather 
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•■ ■TABLE-2--3- ■ 

' EXPECTED QUALITY OF TREATED WATER FROM LAND TREATMENT PROCESSES 
.- nig/L " 



' Rapid 

Slow ra tea infiltration'' Overland flow^ 



Constituent • Average Maximum Average Maximum Average Maximum 



BOD 


<2 




, 2 


<5 


10 


<15 


Suspended solids 


<1 




2 


<5-. 


•10 


<20 


Amnionia.:iiitrogen as N 




\rf - 


0.5" 


■ <? 


0.8 


<2 


Total nitrogen as N 




■ " <8 ■ 




<20 


3 


<5 


Total phosphorus as P 


A 


■ .<0.3-- 


1 




4 


<6 



a. .percolation of primary or secondary effluent through 5 ft (1.5 m) 

d^soil. .. ■■ V, • : •■ 

b. Percolation of primary -or secondary effluent through 15 ft (4.5-m) 
of soil. ' ... 

c. Runoff of comiii'inuted municipal wastewater over about 150 ft (45 ri) ; 
of slope. ■ ; - . .. 



The applied wastewater is treated as it flows through the soil matrix, 
and a portion of the flow percolates to the groundwater, Surface runofi 
of the applied/Water is generally not allowed. A schematic view qf the 
typical hydraulic pathway for slow rate treatment is shown in Figure 2- 
1(a).' Typical v.iews of slow rate land treatment systems, using both 
surface and sprinkler application techniques, are also shown im Figure^ 
2-l(b, c). ' Surface application includes ridge-and-furrow and border 
strip flooding techniques. '^The term sprinkler application is correctly 
applied to impact sprinklers and the term spray application should only 
be .used to refer to fixed spray, heads. 



The case studies- in Chapter 7 include six slow rate systems that are 
fairly representative of those found throughout the United States: , 
Pleasantbn, California; Walla Walla, Washington; Bakersfi eld, Califor- 
nia; San Angelo, Texas; Muskegon, Michigan; and St. Charles, Maryland. 
These' case studies provide an insight into actual experiences with slow 
rate Systems. 
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: ' • FIGURE 2-T 

' . ■ . ; SLOW RATE LAND TREATMENT. 




PERCOLATION 



(a) HYORAt^LIC PATHWAY 




2.2.1 System Objectives . 

Slow ratfe systems ca.ii« be operated to achieve* a number (/f objectives 
includ-ing: " 

-T-. Treatment of applied wastewater ^ . . 

• ■■ • ■ \ 

2.* Economic return from use of water and nutrients, to produce 
■ marketable crops (irrigation) 

^ 3. Water conservation, by replacing pot>b1v6 water with treated 
ef.flugnt, for irrigating landscaped, areas, such as golf 
courses 

■• * ■ • • 

4. Preservation and enlargement of greenbelt? an^ open space, 

• ' ' * ' • ■ ' ' ■ • ' ■ • 

When requirements for surface discharge are very stringent for nitrogen, 
phosphorus, and. biochemical .oxygen demand (BOD), they can be met with 
slow rate land treatment. If^ the percolating water must meet EPA 
drinking water standards, reduction in. nitrogen below the 10 mg/L 
standard for nitrate-nitrogen is often the limiting criterion. In arid 
regions, however, increases in chlorides and total dissolved salts in 
the groundwater may be limiting. Management approaches to meet the 
above objectives within the slow rate process' are discussed under the 
'topics (1) wastewater treatment," (2) crop irrigation, (3)' turf 
irrigation, and (4) silviculture. 



2.2.1.1 Was tewa ter Treatment 



When the primary objective of the slow rate process is treatment, the 
hydraulic loading, is limited eitJner by the "infil rati on capacity of the 
soil or the nitrogen removal capacity of the soil -vegetation complex. 
If the hydrau-lic capacity of the . site is limited by a relatively 
impermeable subsurface layer or by a high groundwater table, underdrains 
can be installed to increase the allowable loading. Grasses are usually 
'chosen for the vege'tatioh because of their high nitrogen uptake 
capacities. . , ' - 



2.2.1.2 Crop Irrigation • 

When the crop yields and economic returns from slow V-ate systems are 
emphasized, crops of higher values than grasses are usually selected. 
In the West, application rates are generally between 1 and 3 in./wk (2.5 
to 7.6 cm/wk), which reflect the consumptive use of crops. Consumptive 
use rates are those required tq replace the water lost to evaporation, 
plant transpiration, and stored in plant tissue, in areas where water 



ERIC 



• does ^, not limit i^lSnt growth, the nitrogen and phosphorus in Wastewater 
can be recycled in crops. TIjese nutrients can increase yieldrof cor^^ 
grain sorghum, and similar crops and provide an economic,. return., ' . ' 

* • 2.2.1 ;3 Turf Irrigation - . 

. . . 2.2.1.4. Silviculture 

efn jen}^"^n'-.^^^.LT^^ of trees, -is being conducted with wastewater 
and Florida r%1 W °'''9on, Michigan, Maryland, 

and Florida [2]. In . addition, experimental systems at Pennsylvania 
of Wa\hWnT?J^ i:3]-,>lichigan State University [4], and.the'UnWe s ly 
?oaS?nd being studied extensively to- determine pemissible 

Iffias. -responses of various tree species, and enSironmental 

Foirests offer several advantages as potential sites for land treatment- 
1 . Large forested ar^as e?:ist near many sources pf wastewater. Jf 
• ^' - agMcJltSra? slns.''^'"^' '^^"^^^"^^I't^^tio" P^<»Perties than - 

3. Site acquisition costs for forestland are usually lower than 

sue acquisition costs for agricultural land because of lower 
land values for forestlands. . 

4. during cold weather, sail temperatures are often higher in 
Torestlands than in comparable agricultural lands. 

The^ principal limitations on the use of wastewater for silviculture are 



1. Water tolerances of the existing trees may be/low". 

2. ^Nitrogen removals are relatively Tow. ). . ' 

3. Fixed sprinklers, which. are expensive, must generally be used: 
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lE)(^stinq . forests"^pe_ adapted to ■ the water supply from, natural, 
precipitation. Unless soits-are well drained, the increase in hydraulic 
loading -from wastewater application will drown existing^ trees. -At 
Seabrook- Farms, New Jersey, the types of vegetation have changed from 
predominantly oak trees to wijd berries, marsh grass, and other grasses 

;[6].^ ■ * . ■ • ■ ■ : . ■, ■ , ■ ■ ^ ■ 

2.2.2 Treatment Performance ..* -. ; 

Slow -rate treatment is generally capable of producing the best results 
of ail the land treatment systems. Thequality, values shown in Table 
_ .2-3 can be expected for most well -designed and well -operated, slow rate 

•.1y stems. ■, ' , ■■ •; '. 

-Organics are reduced substantially by slow rate land treatment by^bi^-; . 
logical oxidation within the'top few inches of soil. At.Muskegon, Mix:h- 
iqan the BOD of 'renovated water from the drain tiles* has ranged from 
12 'to 2 2 mg/L, and the BOD of renovated water intercepted by two 
nearby creeks has ranged from 2 to 3.-3 mg/L. [7]. Preliminary results 
for six test cells at a research project in Hanover, New Hampshire, show 
average annual BOD concentrations in the percoUte ranging from, 0.6 to 
2 1 mq/L [81. These results were consistently. achieved with application 
rates ranging up to 6.in./wk (15 cm/wk) with both primary and secondary 
effluents applied. Filtration and adsorption are the initial mechanisms 

: in BOD removal, but biological oxidation is the ultimate treatment 
mechanism. 

Suspended solids removals are not as well documented as BOD removals,. 
Uut concentrations - of 1 mg/L. or less can generally be expected in the 
renovated water. Filtration is the major removal mechanism for^suspen- 
ded solids. . Volatile solids are biologically oxidized, and fixed or 
mineral solids become part of the soil matrix. , ^ 

Nitrogen is removed primarily by crop uptake, which varies with the type 
of crop . gr<iwn and the crop yield. To remove the nitrogen, effective y, 
the portion' of the crop that contains the nitrogen must be physically 
removed from the field.' benitri.f ication can also be significant,^even 
'if the soil is in an aerobic condition most of the time. . In a labora- 
tory study using radioactive tracer materials, Broadbent reported dem - 
trification losses of up to 32% of the applied nitrogen [9]. In the 
test, cells at Hanover, deni trification losses were found to be 5 to za% 
[8]^ v- Iji^^b^^^^ of these cases, the soils . were considered to be 
essenti ally 'aerobic. ' 

Phosphorus ns removed from solution by fixation processes in the soil.i 
such as adsorption and chemical precipitation. Removal efficiencies are 
generally very high for slow rate systems and are usually more depentlent 



on th6 soil properties than on the concentration of the phosphorus ap- 
pHed.- A small but significant portion.of the phosphorus applietl.( 15 to 
30% depending On :the" soil and the crop) is taken up and removed with the 
crop. ■. • 



2.3' Rapid Infiltration,' , ' . 

' ' ' '. . ■ " ■ " * 

In rapid Vnfilt.rati on land treatment (referred to in previous EPA re- 
porti.as infiltration-percolation), most of the applied wastewater per- 
colates through the soil, and the treated" effluent eventually reaches, 
the groundwater. The: wastewater is applied to rapidly' permeable soils,' 
such : as sands and loamy sands, by. spreading 'in basins or by sprinkling, 
a.nd is treated as it travels through the soil matrix. Vegetation is not 
usually used, but there are some exceptions. 



The schematic view in Fi^re 2-2(a) shows the typical hydraulic 
pathway for rapid infiltration. A much greater portion of the applied 
wastewater percolates to the groundwater ' tharf with slow rate land 
treatment. There' is little or no consumptive use by plants and less 
evaporation in proportion to a^^riuced, surf ace. area. " ' 

■ ' ■■ : ■ J. ■ T'' ■■ • ■ 

In many ..cases, recovery of renovated w'ater is an integral. part of the 
sy stem. This can be accomplished using underdrains or wells, as shown 
in Figure 2-2(b, c). 



Among -the. case stqdies in Chapter 7 are three that serve as representa- 
tive examples of rapid infiltration systems: Phoenix, Arizona; Lake 
George, New York; and Fort Devens,^ Massachusetts. 



2.3.1 System Objectives 



•The principal objective of rapid infiltration- is wastewater treatment. 
Objectives for the treated water can include: 

1. Groundwater recharge - " 

2. , Recovery of renovated water by wells or under-drains with sub- 
sequent reu^e 'or. discharge 

3. . . Recharge of surface streams by .interception of groundwater 

*■ • ■ * 
4.. Temporary storage of renovated water in th6 aquifer 



FIGURE 2-2 - 
RAPID INFfLTRATION- 

. > 

* * ' ■ 

WASTEWAUR ^ 



EVAPORATION 




(a) HYDRAULIC PATHUlAY 



\ 



FLOOOINQ BASHNS 




PERCOLATION ^ ' 
(UNSATURATED ZOdE) 



GROUNDWATER 



(b) RECOVERY OF RENOVATED K/ATER BY UHDERDRAIHS 




(c) RECOVERY OF REHOVATEO WATER BY WELLS 
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If groundwater quality .is being degraded by salinity intrusion, ground- 
water recharge , by rapid infiltration can help to rever'se 'the hydraulic 
gi^dlent and protect the existing groundwater. 



Return of, the renovated. wat&r Jto the surface by wells, underdrains^ or 
groundwater interception may be necessary .or advantageous when discharge 
to a particular surface water body is 4ictat6d by senior water rights, 
or when existing groundwater quality is not Compatible with expected re- 
novated water (jfeality. At Phoenix, for' example, treated water is wi th- 
; drawn immediately by wells to prevent spreading into the groundwater and 
• to allow reuse of the water for irrigation [VO]. ' ^ ^ 

2.3.2 Treatment Performance - 

• ■ • ' ■. ■ ■ ■ ■ • ■ " ■ « 

Removals of wastewater constituents by the filtering and straining ac- 
tion of the soil are excellent. -Suspended .solids,, BOO, and fecal coli- 
forms are almost completely removed in most cases [10, Tl] .' ;• 

^ .' - . . ■ ■ • ■ ' « ■ * ' . • 

Nitrogen removals ar.e generally poor unless specific operating proce- 
dures are established to maximize denitrification. At Flushing .Meadows ■ 
total nitrogfen removals of 30% were obtained consistently-. In labora^ 
tory studies it was shown, however,, that increased denitrification could 
have been obtained by: (1 ) adjusting applicat,i on cycles, t2)^supplying 
an additional carbon source, (3) using vegetated basins, (4) recycling 
the portions of the renovated water containing high nitrate concentra- 
tions, and (5) reducing. application rates [12]:. Applying some of these 
practices in the field- incr-eased- nitrogen removal, resulting from derii- 
tnfication,' to about 50%. Although .total " nitrogen removal-s may be 
poor, rapid infiltration is an excellent method .for \achievirtq^a 
nitrified effluent. ^ 

Phosphorus removals 9an range' from .70 to' 99%1 depending on the physical 
and chemical characteristics, pf^ the soil, As with-.slow rate systems, 
the primary removal mechanism/s-idsorptiqn with some chemical precipi- 
tation, so the long-term capacity/is, limited by the mass of soil in con- 
tact; with the wastewater. -^Removals are' related also to the residence 
time of the wastewater M\ tRe soil and the travel distance (see Section- 
b. 1 .3 )'. , < . 



2.4 Overland Flow- . " , s 

Jn overl and f 1 ow 1 and treatment; wastewater i s appl i ed over .the upper 
reaches of sloped terraces and allowed to flow across the vegetated sur- 
face to runoff collection ditches. The wastewater is renovated by phy- 
sical, chemical, and biological means as it flows in a thin film down 
the relatively impermeable slope. A schematic view of 'bve'l^land flow 




treatment is shown/ in Figure 2-3(a), and a pictorial, view, of a 
typical' system is./ shown in.Figure 2-3(b). As shown in Figure 2-3(a) , 
there - is .relatively Tittle" percolation involved either because of an 
impermeable soil or a subsurface barrier to percolation. *. 

Overland flow is ;k relatively new treatment process'. for. municipal waste- 
water in the United States. As of August 1'976., only thr-ee relatively, 
small, full-scale municipal systems have been constructed. 'These. 0^6 
located in Oklahonw, Mi ssissippi , and South Carolina. The earliest of 
these systems,/ at P.auls Valley, Oklahoma, is* described as a case study 
in Chapter iJ In Melbourne, AustraTi a, overland flow has been used to 
trea.t settled' wastewater for -several decades [13, 14]. The Campbell 
'Soup Company treatment pUnt at Paris," Texas, which is perhaps the best 
known of approximately 10 industrial systems in the county, is also des- 
cribed as -a case stu'dy. in Chapiter 7. Besides these full -stale examples, 
' extensive -re/erence is made throughout this, manual to. the pilot scale 
' municipal studies sponsored by the EP^ at Ada, Oklahoma, and the bench- 
scale greenhouse studies sponsored by the Corps of Engineers at Vicks- 
burg, Mi ssissippi . •. ' ,■ '\ 



.2.4.1 System Object 



The objectives? of overlandy flow are wastewater treatment and, to a minor, 
extent, crop -production. Treatment, .object i.v«s may be either {D to 
achieve secondary or better effluent quality from screened primary 
. treated, " or-vlagoon treated wastewater, or (2) 'to achieve high levels of 
. nitrogen and yfeOD removals comparable to conventia.nal advanced wastewater 
treatment frdm\ secondary treated' wastewater. Treated water is qollected 
at the "toe of' ttie overj and flow slopes and can be 'either reused or d^^s- 
- charged to surface wat^. Overland flow .can also be -ysed for production 
y. of , forage grasses and ^ preservation of greenbel,ts vand open space,. ' 

. . ' 2/4. 2''\ Treatment P^Kormance - * . • 

. . ' . ■ ■ ■ • • - . ** • ■ 

Biological oxidation^' sedimentation, and grass ;f.iltration are the pri*.. 

' 'mary removal mechani^sms' for organi cs . and 'susiiended sol ids. At Ada ■, 
using ra^w comminuted wastewater, Thomas' repor^ sifepended solids 

-concentrations of 6 to 8.mg/L in 'the; runoff. during the summer and 8 to 

'12' mg/L. in the winter -[15]. B0D,concentra1:ipns daring- 1^^^^^^ period 
*were 7 to 11 . mg'/L. in the Summer and 8 to 12, mg/L in the'winter. An 
acclimation or seasoning period ofv,c|bbut 3 months was required before 
optimum removals were achieved. v 

liitrogen '"removal i s attributed, primai^iiy\tO: deni1:ri'f i cation. ' Hunt has 
-Areas^)ried tih'at an aerobie-'anaerobic double layfer exists at the surface, af 
the soil^ and allows both ftf'tr if i cation and denitrif ication to oCpQ'rvtl^, 
17]. Because this process-depends on two stages of microbial| adtiv.;i;ty, 
it is sensitive to environmental conditions. Plant uptake of.nitrOgen 
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;;can a^Tso be a'-sirgnif^^^^^^^ Permanent ni trogen removal . 

■■■ by : plant .uptake; . only- .^^^^^ the crop is haj^e.sted and removed 

- from' , the fi^^^^ can^be-signillcant if the pH of . 

:*:the/rwateK Niltrogen removals usually range fVom 75 to 90% .. 

■With"-^r^^ mostly in the nitr;ate form.. Higher levels of V 

. nitrate a n;^^^^^ may occur during cold* wfeather as a re^uVf of re^ 

• ;duced^ ■t)i ologi^^^^^^ . " ; 

Phosphoru.5 is!: removed by adsorption and precipitation in essentially the - 

same . manher' ^^^^^^ with the . slow rate, and rapid infil tration methods. 

Treatment ,$ffi'd'iencies are somewhat limited because of the inc.9mple.te '7' 
> contact between^ adsorption sites wi thih-.th^. sbi'l ..'^^ 

Phosphorus' removals usually range from 30 to 60%' on a concentration / 
: basis. . Increas^^ may be obtained by adding alum or ferric^. 

chV.oricJe (see Section 5.1 .4). . • .. 

I- \ ^• ■ . * ■ " • . , ■■ ■ • 

" 2, b..;Other "Processes.: • 

.T ' _ . :'•* ■ ''!'..*■.■■.; ■ ■ ' ^ • 

; I The three priW^^ processes, wben.'tm^plemented, repre- 

■ seiit planned rand ,6^^^^^^^^^ changes to the existing l^nvironment^ 

'/cetitly, the concept .-cif 'using natyi^ ecosystems',^ 5uch- . ' 
•'.wastewater treatment.h^s.Jreceived considerable attention.' Appl itatipri^^ 
-of wastewater (t) to Wetlaihds for treatment,' and (2) to the sbi) :b>^:s^^^ 
-surface techniques are.' d^stribed in this section. : ! . ' / 



■J 



r 



2.5.1 Wetlands 



j|ietlands,vwKi^Q^ 3% ot the land'area of the conti^ientaT, .^^^^^^^ 

iJV/ ^tates .tT8]''^'.are intermediate areas in" a hydro^logical sense: they have* 
mariy /plants and too little W|iter to^ be called Jakes, yet th^-:have. 
enough .yjat^r to prevent most agricultural or, silvicultural uses^.^^^^^^^^^^^ 
lierm v/etlands is used in this manual to encompass areas also;knowh as 
[arshes, bogs, wet meadows, peatlands, and swamps. The ability of wet- 
jands to influence wajter quality i s the reaspnH.for much current research 
their use for wastewater managementv J <^ \ * * ' 

three categories wetlands are currently used for municipal, wastewater 
;i treatment r^^;^^^ i. ■ , . ' . ■; '/^^'VV^-;-'' ■ 

•icial wfetlapds.. 

Existing wetlands \ * • . ' 

Peatlanys . ••/■V . ^ , ; 
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Wetlands are discussed in more detail in Section 5".l. 5. Peatlands are 
discussed^ separately because these highly organic soils can be drained 
and managed in a manner similar to that used in slow rate land 
treatment. • * 



2.5.1.1 Artificial ^etlan.ds .. • ' / . 

Two arCifi^ial -^.^^^^^ systems -havfi' beerf developed at the 

Brookhavefl::;Naiidha^,^'.La Long Island; New. Yowk [19]. Both are 

wetlands-ijbnd ; syst^$^^^^^^^^^^ the first, the wetlands consist of wet mead-, 
ows merging • 'into a " marsh followed^ by a pond (meadovi-marsh) . In th^* 
second system,,- . the. wet meadows " are deleted; ..Both systems are being 
1 oaded at Can appl i'cati on rate of abodt 2^ iny/wk ( 63 cm/wk ) . Aerated 
wastewater is- rig longer employed. 

These artificiaV wetla^ in sandy' soil by installing an im- 

pervious plastic li the sofl. They were'placed ?n. operation in 

June 1973. ;g'Q.iperattn^^^^^^ the original recycling ti? 

the present' 'on'6^-thrdiy0h. approach with increasing loading, rates until 
Apnil 1976, wheh the, present rates were established. TyRical averaged 
results for July tljroligh 'Septeintier 1975 foHoperation with a one-to-one 
recycl i nop of pond effitient are presented in Table 2-4. 



, TABLE 2-4 \ -;" , ; 

TREATMENT PERFORMANCE FOR TWO . " • 
ARTIFICIAL -^iETLAND SYSTEMS ON LONG ISLAND [19] 

mg/L 



' Meadow-marshi .. Wetlands" 
Constituent , Influent effluent effluent 

■ Bflb;- 520 . '^V'15 ...]6 

Suspended solids 860 r 43^ > 57^ 

Total nitrogen 36, 3 i ''^i'- 

f '"'.,'»t\' 

Fecal colifonns, . . 

cbunt/lOO ml 3.000 ' . ■■; 17b 21** 

- — IT '■ — ., f — — 7' ' — 

a/'>irfnc«ipany,alg^ie. 
;b.'' Qeonietric mean. 
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The wei^ands arfea occupies 0^:^ acre (0.08 ha) and is flooded to a depth 
' of a66ut-0.5 ft (0.15 m) . Siliall recommends a 1 ft (0.3 m) depth or more 

to prevent volunteer weed growth and to prevent washout during storms 
^[ZOK '' Cattails were ..planted' and duckweed ( Lemna minor ) is prevalent., 
.'.leiular harvest of \cattails isi rro^^p grasses » and . 

wcattails were thinned (Wit 

'2.5.1.2 Existing Wetlands /v ;. .,^ ■ 

The - application of secondary effluent to Existing freshwater and salt? 
water wetlands is being studied in Mississippi, yis well as in Califor- 
nia, Michigan, Louisiana? Florida, and Wisconsin, in Mississippi , Wol- 
verton has studied the use of ^ water hyacinths in secondary wastewater 
lagoons to effect rem(wals of BOD, suspended solids, ahd nutrients [21 J. 
A surface area of 0.7 .acre ^(0.28 ha) was used, and detention times 
ranged" from U to ^^1 days. The- treatment performance of this system is 

' compared to that of a phtrol lagoon free of water hyacinths for Septem- 

- ber 1975 as shown in Tible 2-S. \ , ^. ■• 

* . • ^ ^ ^ - , . , - ' ^ '^^"■.//^^■■. .■^■^.ilr i ■■ ■ 

■ ' > ' " ■ TABLE 2-5. ^ -i' ' -' ' '' ''-f^ ' . V . 

.J- ■ TREATMENT CAPABILITY OF WATER HYACINTHS FED ' 

OXIDATION POND EFFLUENT [21] 
' ■ ■ ■. ■ mg/L : ■ v • , ■ / 



Hyacinth pp^ndv-:: Control pond 



, Cohstituent Influent Efijtjerit 'influent Effluent 

BOD - 22 7 ' 27 30 . • 

Suspended solids 43 / 6 ' 42 .46 • 

Total Kjeldahl ... 

nitrogen . .4.4 ^ / 

„Total phosphorus 5.0--""^' 3.8 4.8. 4.J5 

'Vri'!^DS 187 183 390 38tf% 

.• -• y . . .■ . .■ • *;.*«■•.''' 



Hyacinths must be harvested for effective nutrient removal . Wolverton 
suggests -harvesting every 5 weeks .during the warm growing season. The 
harves1:ed plants may be processed^iHto high-protein feed products, or- 
ganic fertilizer and soil conditioner, or methane gas [22]. 

The use of existing wetlands . appears to hold promise as an emerging 
technology for wastewater management. Manag,ement techniques for nutri- 
ent removal, Ipading rates, climatic C()n,S;tr^ints and suitable site 
characteristics ileed fuVther study. • ^ 
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2.5.1.3 Peatlands \.! ' 



The us€ of peatlinds j or ; jor-g^aniq."^^^^^^^ application has been 

studied by Farnhanj- in M^^^^ and by Kadlec in Michigan [24]. A 

system ..has been desi^heit/by-.SttiiTick [25] on the b'asis of . Farnham's<re- 



•Although sprinkler or surface application techniques can be used on 
peatlandSi ■.' t)ie North Star Campground system in Minnesota uses 
vsprinkl.ers': 125].; '..-It was designed for 13i.3 in./wk (33i8 cm/wk) and is 
underdrained : at a depth of about 3 ft . (1m). Treatment efficiency for 

^1975 is surtwarlzed in Table 2-6. Secondary efffuent was applied. 

• .. TABLE 2-6 

TREATMENT PERFORMANCE OF PEATLAND IN MINNESOTA [25] 

mq/V . . 



Constituent Influent Effluent 

;bod -5 

Suspended solids S 

Total nitrogen 20-40 . 1-10 

Total phosphorus - 10 0.1 



Fecal col i forms, 



count/100 fnl 10^-10^ • 0-4 



Because of the high Loading rate, .the nitrogen. uptake of the grass 
planted on the peat surface was surpassed* Although the peat pH was 4, 
the effluent pH was consistently between 6.5 and 7*5, 



2.5.2 -Subsurface Application 

'^i^**'' ■■ ■* ■ ■ ■ " ' 

Two systems that are quite similar to the' peatland system are the soil 
mound and the subsurface filter systems. The subsurface filter Ms des- 
cribed In. the. Manual of. Septic-Tank Practice [26]. The soil mound 
system used by Boum^t, L27J and others is similar to the peatland system 
in Minnesota,. except that the application is by subsurface pipe. 

The soil mound^system»for a shallow soil over creviced rock is shown in 
- Figure 2-4. Such systems are alternatives to treatment and discharge to 



surface . waters where adverse soil conditions exist. The soil mound can_ 
be used for [28]: 

1. Shallow soils (<3 ft or 1 m) over creviced or otherwise ra- 
. pidly permeable bedrock 

2. Sites with slowly permeable soils 

3.. . Sites with seajsonally high groundwater . 



FIGURE 2-4 . 

SUBSURFACE APPLICATION TO SOIL MOUND OVER CREVICED BEDROCK 



EVAPOTRANSPIRATION 
(GROWING SEASON) 




Bouma has reported on an experimental soil^mound system at Sturgeon Bay, 
^Wisconsin [27]. The work is part of the Small Scale Waste Management 
Project at the University of wTseonsin. The mound, shown in Figure 
2-4, was designed for 2 in../d (5 cm/d) but was actually dosed at about 
half of that rate. Septic, tank effluent was doseidi four times a day 
through a network of 1 in. (2.&*cm) PVC pipes. The actual loading was 
6.4 in./Wk (16.3 cm/wk). Treatment performance of thife mound system is 
given in Table 2-7. • 



~ TABLE Zrl • 
-TREATMENT PERFORMANCE OF AN EXPERIMENTAL - " 
SOIL MOUND SYSTEM IN WISCONSIN [27} 
mg/L 



Constituent Influent Effluent 



BOD 


90 


0 


COD 


256 


42 


Aimionla nitrogen 


56 


2 


Total nitrogen 


62 . 


56 


Total phosphorus 


15 


8 


Fecal coll forms, 
xount/mL 


2,500 


5 


Total' conforms, 
count/mL 


37,000 


54 
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CHAPTER 3 

: TECHN'icAL PLANNING AND FEASIBILITY ASSESSMENT., 

3.1 Purpose an(E(|Scope ^ i 1 ■ ' 

The . purpose of this chapter is to describe ' those aspects of l^nd 
treatment .that are important to a. technical and econornit 'feasibil i ty 
assessment. ' The major divi$ions'of thi^ chap.ter are: 



Approach to de\el6pinent of alternatives; \^ 
t Evaluation^of unit processes . " 

t Wastewater quality ' . 

r Regional ^i'te characteristics 
t. other planning consTderations ^ 
t Evaluation of alternatives .1: 



The scope of tffe chapter ,is directed at\t:hose factors that are ^uniqye to 
the formulation and evaluation of land, tr'eatment alternatives'. Planning, 
and feasibility considerations that \are- common to conventional 
'vwastewat^er managementvsys^^te^ adequajDelyv discussed elsewhere. 

It is important to be'aware of ,the/-di stincti oh )made between- "alternative 
land treatmentrg. processes*' , -( described in/ Chapter 2) and "system . 
alternatives." . The "term '^Tand treatment/f)rocess'' refers to the unit 
process only- (e.g., slow rate, overland flow) whereas the term "system 
alternatives;* includes the entire wa'stewater .management facility, 
(transmission, treatment progresses, s'tjorage, collection, and discharge > 
facilities). ' ' > • 

This chapter presents planning. l^v^ ^^^ji;^^ unit process 

selection, ^^he wastewate!^:[^hw€^^ land treatment 

systems, and the sigryificant :>*fgiqnal 'cAip^ctJ^r^^j^ in 
developing land tregtmep^t^system:^^ i^^^lj^i^^^ 
user will alsovTefer*, -to. Chapter' 5, ijr for^^^^^ 6/ 
duri ng the f easibi 1 i W assessment to obtaiih in^re^^^ s for 

the developmeirt of ^ftlribftrnati'^ The ev^^^gl|^i^^ 

systems is. then discussed in IJect|oij^^^^ 



3-2' Approach, to Development of Alternatives 

■ <>'> • ■. . . , • • • 

Three major factors combine to determine, the^type of land treatment 
•proyes.s that can be used on a given site: . ^ ^ 

♦■ . • • . ■ 

. 1* . Soil permeability ' . 

2. Wastewater quality • 

3. ' Discharge, quality criteria 

For a given site, the soil permeability can be determined. The other 
two factors, however, must be considered -as variables. The wastewater 
quality to be applied depends bn the preappVicatton treatment. The 
discharge , criteria are als9 variable because there is a choice betwisen 
surface water and groundwater di'scharge. There is alsp the possibility 
of cdljecting the treated water for other uses *in. agriculture or 
industry.. - j ^ ; 

/ ■ 

The many variables and options associated with land tpeatment processes^ 
and systems require the use of ai\ organized, systematic approach to j 
selecting alternatives./ Many approaches have been considered but.onl^ 
three have been commOipTy used. The three most common approaches. to 
developiTig land treatment alternatives are: 

1. -aKIo constraints approach--TKere are no prior constraints pi aced^ 
V i '^bri* the studi^. The 'entire study . area is investigated for 

, ' . potential '^sites while considering "the whol^ spectrum. of land 
trea^ent processes and combinaiion^J:?^^:^ develop alternatives. 

. . ■■ ■ ■ ■ ^ . ■ , ' 

2. Process constrained approach— The study begins with some prior 
constraints that 1 imit consideration, of " alternatives to 
certain ^ land treatment processes. Potential sites are 
identified within the ♦reduced spectrum of land treatment 
processes created by the constraints. 

3. Site-constrained approachr-A predetermined site (or sites) is 
available, and \reatment processes are evaluated to match the 
sitels) and the project objectives:. 

V .. '^''''ryy' ' ' v ■ 

The approach tp, the- development of land trea%er]t alternatives is 
^iterative in. nature,^ as illustrated in Figure 3-1. This iterative 
/pmocess . is best achieved in the no-constraints .approach. Within the ' 
iterative .cycle of \ site identification, site evaluation, process 
assessment, ,,and pi anning impl ications assessment, there are so many 
degrees of freedom available that 'seyerafl cycles or iterations may be 
necessary to define ancl develop an alternative. Whlen the number of 
:5ites or ' processes*;^ is predetermined, as in the proce^-constrained or 
site-constrained -approacH, fewer aTternative^ systems can' be developed, 

A ^variation of the no-constraints approach is, ttie^use of an inductive 
; analytical planning process. Regional goils; c^nd objectives are 



FIGURE 3-1 
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initially identified and tlrc-crtJility of land trea^tment to help achieve 
these and other benefits is assessed. Included are the possibilities 
for reclamation and resource recovery such as recycling of nutrients 
through the production of cash crops/ preservation of, agricul ture and 
open _space;, and the implementation of other land use planning 
Objectives. Thus,^ land treatment may be viewed as a means to an end 
rather than an end ^in itself. ^ 



363: Evaluation, of Unit Processes . ' . 

To evaluate the applicability of land treatment processes, the treatment 
objectives and wastewater quality must be known. The preliminary design > 
of- land , treatment processes can then be accomplished using average 
flowrates and hydraulic , loading rates^v:; In this section, hydraulic 
loading rates are discussed for each land treatment process. Guidance 
IS then provided for preliminary planning purposes on land area 
requirements, preappl ication .treatment, storage, . and recovery of 
renovated water. •• ^ 



-.' 3.3.1 Land Treatment Processes . . 

The first -step in evaluating land treatment unit processes is to 
Identify the processes that may be suitable for the requirements and 
conditions of the study area- The description of treatment process 
capabilities and objectives in Chapter 2, will provide a useful 
background for this purpose. The types of factors . that shou1 d generally 
be considered at this stage include: • - • 



The ability of each process to meet treatment requirements ■ 

.The disposition of, applied wastewater in relation to water 
needs / , 

The predominant characteristics of the study are§ that may 
dictate certain land treatm'ent processes 

The desired secondary objectives, such as increased irrigation 
water supply < ' . 



3.3.1.1 Slow Rate Process 



For the slow rate process, the. hydraul ic loading rate' can be determined 
initially from the use of the water balance: 



ipitation + Wastewater applied ,="Ev.^potranspiration ,+ Percolation + Runoff ^3-1) 



Ef fluent runoff i s usual ly 'nof %;si.rabl e for the si ow rate proce$.sf ''''^vpr 
planning, the rel atipnship .betweeU-^ precipitation and eyapotrihspifa^ 
■on'v *a'--;^^^^ annual basis> can' be taken from F.igure 3-2i" -'l^^^ 
>precjpitation and ev^ojtp'anspiration balance, an es't'fmate of! wastewater: 
application rates,.;,.^^^ . be made from the soil permeability rates asi 
presented in Figure.'3-f?*' For example, a slow permeability soil could be 
loaded at 1.0 - to' 3 in./wk (2,5 to 7.6 cm/wk) from Figure 3-3. If 
evapotranspiratipn exceeds preci pi Ration,-'-' the effluent 'aptilied can l)e 
increased to .equal the sum of net evSpotranspi ration and "soil 
permeability. For example, in central Texas, where net Vevapotranspi ra- 
tion iS/36 in. /yr (90 cm/yr), the application rate could be increased by 
Oi7 in./wk (1.8 cni/wk) on an annual^verage to a total of 1.7 to 3.7, 
in./wk (4.3 to 9.4 cm/wk). Application rates beyond 4 in./wk (10 cm/wkj-^ 
.are normally .'d^^^ as rapid./.Tnfiltration and involve different 
considerations^- . .r^^ > . • - • . .U- 



The .shaded area in Figure 3-3 represents the range of 'average, long- te^ 
i'nfiltration rates when considering only soil perineability deri veil from 
; ::'GT(?ar water. The range of values shown in Figure 3-3 as "Range of 
t;.. Applieation Rates - in .Practice" is indicative of the many factors that 
must be consic(ered in seTectih'g, ..t^^^ 

considerat|o;is* ; include crop wa^r needs and tolerances^ ^>nutrient 
lirttf vreductions in appTi edition rates for crop' haryestijig "oT" to 



9 ■^■^^ W 

balance, * ^' 



account' for* a^a^ in the wastewater. - 



The hydreuTic .also affected ; by the 11 mate and xrop 

se%ction. The cli^^i^e will affect the growing ^eas0rh>and- will dictate 
the period of application and. the amoqnt^.pf storage required. Crop 
^.water tolerances and nutrient requirements, can . directly affect' hydraulic 
loading rates. The following fac|:prs affect the selection .of. :CrQps: 



1. 
2. 



Suitability to local climate and §oil conditions 
Consumptive water use and water toTferance^^,^ 

3. ''-. Nutrient uptake and sensitivity to wastewater constituents 

4. Economic value and marketability 

5. Length of growing season 

6. Ease of management 

7. Public health regulations 



3.3.1.2 Rapid Infiltration Process 



Rapid infiltratiorr systems ' are designed on the / basis of hydraulic 
capaQHy of the soil arrf-the underlying geology. The relationship shown 
in Pigure 3-3 can be uietf^^for approxima^ hydr/aulic loading rates. 



■ ■!':, :f.IGURE 3-2 



, :.P{)TEilAL EVAPOTRANSPIRf ION VERSUS MEAN ANNUAL PRECIPITATtt^ 




1- in. ^ 2. 54 cm 



, .f fOTENTIAL^EVAPOTRANSPlRATION MORE THAN 
MJEAM ANN.UAL PHECIPI.TA.TION ^ . 

- POTENTIAL EVAPOTRADSPIRAi^^tN'.USS THAN 
^ , lEAN ANNUU PRECIPIvFlif(.0,NA^^^^^^^ 
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V. ■ ^^--Vis ' FIGURE . 3-3- • ? ■■■ 

•SOIL PERMEAbVlITY versus . RAN'GES of application- ftATE^*^ " 
. FOR SLOW RATE AND RAPID INFILTRATION TREATMENT . • 
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V.>E«ilEAlJI^ dF HOST RESTRJVtIVE LiYEIl IN SO IL >RflFJLEV i n:/h^ I; : * 



,>iM^kMVLfU* SOIL cbHSEftVATION SERV 1 cV DESCfi 1 PTI ¥E TER'ilS^^^^^^ 
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if the permeability of the most restrictfy:e layer in the. soil profile Is 
known. App1icati:on. r^tes in the low end. of the range should be ciiosen 
if any, pf^ number Vof conditions exist which may tfe adverse. These 
includ6;.v> '(1 )/W^^ variations in soil types and permeability, 
t?) shallow sail profiles, and. (3) shallow or perched water tables, 
ill&ductions in appTication rates may also be necessary if the system is 
:.^td be managed to optimize denitificatioif.' The cycle of wastewater 
applitation and resting mu^t be defined';.^ . / 

■ . ' ' ''.^/iy ' .'v ■ ■ * y-r'' ' ' ^' ' 

3.3.1<;3' .overland Flow Process ^ ^ 

■• . . . . 

■ . - • <■'• 'I . • ' 

Rdr overland flow, tfje application rate * depends prijnarily on the 
expected treatment performance; and the level of::-'preapp 
treatment. If primary effluent 'is used, an app.1 ifca'tion rate in the. 
range - of 2.5 t^JS jn./wk (6.4 to 15 cm/wk) is usually necessary to^* 
produce the effluent tjuality shown, in Table 2-2. ^The lower end of this 
range should • be consitiereci where: (.1) terrace slopes will be greater 
than about 6%, (2) ^rrac&s . are less than 150 -..ft (45 m) long, 
or (3) climatic. conditions are .poor. The upper end:of the scale can be,, 
used when evapotransp.lrttjon ra$tes /are high, or when ^a moderate amount.; 
af\ percolation can be expfected to take place. In cases where overland 
""flow is to be used as a polishing process or, for advance^ .treatment 
following preappljcation treatment, application rates as high as 6 to 16 
in./wkV(Y5 to ^40^;\. cm/wk) may* be usfed. These rates have been used in 
demonstration' syS;tem^^^^ with slopes 'of 2 to 3% that are 120 .ft (36 m) 
long. \ '. * " 

>3.3.1.4 Combinations 

• i: . ,/ . • ; , • 

" ■ . . • ' • . ■ ■ ' ■ ' ■ *' . i ' 

Combinations of land' treatment processes in series can be considered. 
Examples of two such systgmsvare shown schematically in Figure 3-4. . In 
the first - example, rapid --infiltration is used after overland flow to 
further reduce concentrations of BOD, suspended solids, and phosphorus. 
Because ^^of the .increased reliability and overall treatment capability, 
the application rates for the overland flow process could be higher than 
normal. , / ' 

In the second example, the rapid infiltrat^^o^:'process precedes slow rate 
treatment. ' V The recovered renovated water should meet even the most 
restrictive-^requirements for use oh food crops. The unsaturated zone 
can be used for storage of renovatfed water to be withdrawn: on a schedule 
consis.tlmt v^^th crop needs. 



FIGURE 3t4 
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OVERLAID 

FLOl: 



RAPID 
'INFILTRATION 



>) OYERUND'FLOW FOL|NE{) BY Ril[''inN FILTRATION 




PREAPPL.I CATION 
♦TREATMENT • 



RECOVERY 
INFIliTRATION »IELiS 



StOI RATE 
TREATMENT 



l) im\W INFILTRATION FOLLOWED BY SLOW JtATE TREATMENT 



3.3.2 Land Area Requirements 

The total land area required for a land treatment system consists of the 
actual J and 'to which wastewater is applied and the additional area 
<|iequired for buffer zones, storage reservoirs, access roads, pumping 
stations, preapplication treatment, and maintenance and administration 
buildings. In, addition, it may be necessary to set aside some land for 
future expansion or emergencies. 



The total land area ; requirement gSn be estimated for preliminary 
planning using the nomograph in Figure 3-5. To use the nomograph, first 
dr%w a line through appropriate points . on the design-flow and 
application-rate eixes to the pivot J ine. Draw a second line from the 
intersection 'of the first line with the pivot line ^through, the 
a1)propriate point. bii the nohoperating^time axis. (Nonoperating time is 
the period during the year when the system is shut down for weather or 
other, reasons.) The calculated total area is .then noted . at the 
intersection of t.K«it axis with the second linev This total area 
includes land for;iapplication, roads, storage, and buildings. The total 
.'area with a 200 ft? (61 m) wide buffer zone allowance is, read from the- 
right-hand side of the axis; the total area with no allowance for buffer 
zones is read from the left-hand side. 



3.3.3 Preapplication Treatment . , 

Preapplication treatment of wastewater may be necessary for a variety of 
reasons, including (1) maintaining a reliable distribution system,:, 
.(2) allowing stpra^ge of wastewater without creating nuisance conditions, 

(3) obtaining, at higher level of' wastewa-ter constituent rembvaV, 

(4) reducing soil clogging, and (5). reducing possible health risks. A 
summary of preapplication treatment practice is presented in Table -2^1. 

■ '■ . '■ ■ ' ■ ■ 

" ■ ' ■ • ■ •• 

3.y.4 Storage ■ \ , . 



.Storage is provided primarily for nonoperating periods and. periods of 
reduced appl i-cati on rates resulting from. climatic constraints. In most 
situations, however,, where this requirement is small, storage may still 
be necessary for sjTstem backup, flow equalization, and proper 
agricultural management including periods for harvesting. In the 
planning st,age, ^ it ^wil 1 .usual ly be important to detemfine the 
approximate volume . requi red for each land treatment alternative so that 

* storage vPOsts can be' estimated. 



It has 'been shown that, slow rate and overland flow irrigation systems 
.can usually operate successfully below 32°F (0°C), and 25°F (-4°C) is 
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sometimes used as a lower limtt. A conservative method for predtcting 
the number of days that are too cold for operation is to assume that 
application is suspended on all days in which the mean temperature is 
'below az^F (0°C). This method has the advantage of using readily 
accessible data. - 



The National Climatic Center in Asheville, North Carolina, has conducted 
an extensive study of climate and weather variations throughout the. 
United States. A computer program has been. developed to use weather • 
station data in estiifiating the amount of wastewater storage required at 
a - location because . of climatic constraints [2]. For planning and 
•preliminary feasibility assessment, 'a value for storage days can be 
found-using Figure 3-6. The map gives the number of nonapoli cation days 
for whi^ch stWage would normally be required for a 20 year return period 
on the basis of climatic factors alone. Additional . storage, time may be 
required if reduced winter loading rate^ are used for overland flow (see 
5.1.4.1). • *:. f . 



Rapid infiltration basins which-are intermittently flooded can often be 
operated year-round regardless of climatic conditions. The only storage 
that might be required .is that for system backup ior extremely severe 
climatic conditions. During extended periods of cold weather, an ice 
layer may form on the surface of the bed. However, at Lake^.George, New 
York, and at Fort Devens, Massachusetts, this has not proved to be a 
problem. The application of the" wastewater merely floats the ice and , 
infiltration continues. This condition should prevail whenever the soil;; 
is porous and well drained; otherwise, -precautions are advised.' 



.3.3;5 Recovery of Renovated Water 

Recovery of the applied wastewater after renovation for reuse or further 
treatment is often a part of the overall land treatment process. .The^ 
means to recover renovated water include (1) surface runoff collection, 
(2) underdrains, (3) recovery ^ wells, and (4) tailwater return-. The 
applicability of these. systems to the treatment processes is summarized 
in Table 3-1. These recovery methods are described in various 
situations in Chapter 5. 



3.4 Wastewater Quality 

Knowledge- of the quality of the wastewater to be treated is needed in 
planning to properly assess preappli cation treatment needs or special 
management needs. The major constituents in typical untreated domestic 
wastewater are- 'presented in Table 3-2. PreappTication treatment using 
primary sedimentation will , reduce BOD , and suspended, solids (SS), 
but will not greatly affect nitrogen -or phosphorus concentrations. 
Treatiiient in oxidation pon4, aerated, lagoons^, or other biological 



FIGURE 3-6 ,, 
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treatment processes further 
nitrogen o;* phosphorus. 



reduces- the BOD and SS, and may reduce 



. . TABLE 3-1 ^ 

APPLIGABILITY OF RECaVERY SYSTEMS 
FOR RENOVATED- WATER 



Recovery system 


SI nw rate 


Rapid infiltration 


Overland flow v 


SurfacecrundfiF collection 








Effluent 


NA ■ ' 


NA 


Collect^ 


Stormwater . 


Sediment control 


^ NA . 


Erosion cohtro/1 


Underd rains 


Groundwater control 
and effluent recovery 


Groundwater control 
and affluent recovery 


NA" 


Recovery wells 


' Usually NA 


^■Groundwater control 
and effluent recovery 


NA 


Tall water 








Sprinkler application 


NA- . ^ 


NA ' 


NA 


Surface application* 


25-50% of applied , 
flow 


NA 


NA . . 



NA 

.a 



= hot 'applicable. ' . ' 

Disinfect if required" before discharge; provi\de for short-term recycling of *waste- 
■ jW^tep'^f ter extended periods of shutdown, if effluent requirements are stringent. 



TABLE 3-2 



IMPORTANT CONSTITUENTS IN TYPtpAL -V; . 
DOMESTIC WASTEWATER [3] . % ^^^-^ 
mg/L 





Type of Wastewater 






Constituent 


Strong 


Medi^ 


Weak 






'bod 


300 


200 








Suspended sol>ds 


350 


200 


10b;' 






Nitrogen (total as N) 


85 


40 • 


20 






Organic 

Anwohia . ' 
Nitrate 


35 
50 , 
0 


15 
25 
0. 


8.. 
12 
0 




' y 


Phosphorus (total as P) 


20 


lb 


6 . 


' c 




. Organic 
Inorganic 


5 

15 


. 3 
. 7 


2 . 
4 


f 





Land 
and 



treatment* processes are capable of removing large amoijnts of BOD 
SS„ as well as nutrients, trace elements, and. micrdorganisms. 



Hydraulic loliding raftes were discussed in the 'previous section and will 
usually govern 'Site area. However, in some cases constituent loading 
rate^ may dictate land area needs, -for preliminary planning purposes, 
the BOD loading rate guide! ineis in Table 3-3 can, be .used to determine 
Whether hydraulic or constituent' loadings Will control the design. 
Using hydraulic apf)lication rates appropriate for the process and tite 
BOD concentrations of the wastewater, BOD loadings can be computed and 
compared with /the values* in Table 3-3. 



TABI.E 3-3 ^ 

aCAL. BOD LOADING RATES 
Ib/acre'd 



Slow rate Rapid"~^nf\l trati on Overland flow 



Typical range 
for municipal 

wastewater^ 0.2-5 ° 20-160 



for municipal . 



,7* 



Loading rates represent total, annual loadinig ^divided by 
he number of days in the operating season. 



^ Exceeding the- typical : ya^l ues V i^ Table 3-3 wvl T not necessarily be 
-detr'i mental to the system. V^Xhe^^^^p^ should be awarfe that 

special manaq^mer^^ may be . r^^ui.red above these values and provide 

•5 appropri^e safeguards.. Loadthg.rates are discussed in Jletail forveich 
procesiSrnlh Section 5.1 . > ; , v , ^^^^^^^^^^ -v^^ 




^trace v elements, .the concentrations, in wastewater vary .tremendously 
ir 1 ocatTon ; 304 percentage of iridustri al f 1 ows . Ranges-of val ues in 
eated effluent, and secondary effluent are ' 

presented ih^Ta^^ 3-4. Also included in -Table 3-4 are the EPA drinking 
wjte^t 1^^^;^^^^?^^'^^^^^^^ constituents for comparison. Concentrations 

.of ' trac^: el em^^ wastewater after preappl i cation treatment which 

are v equal t4,:/ ijr less ■ thaiq those ' recommended for dri nki ng water shoul d 
refji^^^nt v If one or more values is expected to 

exceed;: t the mor^ detail ed di scussion of trace 

el eraent 1 6ad^^f*igs;'s:hGSu^^^ 



■V>-^-- J-.^ V"-- >■■■■ ■■■ \ 



3.5 Reg ion a 



a3--"SH^^^ Chat^ac1^ristici$>^ 



, . .... :.^..t , - V 



Compared to other vfbr^ 1 and^ treatment systems 

and proces^ses : :ar&^veryv^ objective of characterizing 

physical featares M prov<ide the basic information 

necessary , to vfnak1i° ,a ipi^^^lim^^ of land treatment processes 

and systems witKd n -the"' stM^^ regional features that 

are consid^r^d, 1rtportaf(1^^^ nscmIs, geology, cl'imate. 



.. ... v.- . . ...... b^-^' 





surface water ' hydr&l ogy 'and **qua1iV. - and ' groundwater^ hydrology and 
quality. In this section, these topics, along with sources of data, are 
discussed as they - relate "to the Ta^nd treatment processes described In 
Chapter 2. 



.J 



., . - . TABLE 3-4* - . • * , 

CONCEHTRATION OF TRACE ELEtCNTS IN VARIOUS 
U.S. WASTEWATERS 
mg/L' 











EPA rstomnended 




Untreated 


Primary 


Secondary 


drinking ' 


Element 


wastewater^: ,' 


effluents^ 


effluents^ 


water standards^ 


\ 

Arsenic ' 


0.003 ■ 




<(J .'005-0*01 


0.05 


Cadmium « 


0.004-0.14 • 


&]oQVl?;d.028 
<O.'tf0r^O.3O 


O/O0l62-<0.02 


0.01 


Chromium 


0.02-0.700 


' <0.010-0J7 \^ 


0.05 


Copper 


0.02-3.36 


0.024-0.13 


'0*05-0.22 


1.0 


Iron 


0.9-3.54, 


0.41-0.83 


0.. 04- 3. 89 


;^o.3 . 


Lead 


^ 0.05-r.27 


O.O-Wip.ll 


0.0005-<0.20 


•'0,05 


Manganese/' 


. 0.11-0:14 


0.032^0.16 


0.021-0.38, 


•6:o5 


Mercury. ' 


Q,002-0:044. 


.0.009-0.035*'' 


0.0005-0.0015 


0.002 


Nickel 


0. 002-0. JQ5 


0.063-0.20 ; - 


• <0. 10-0. 149 


No standard 


Znnc ^ 


0.a30-8.*'31 


0.015-0.75 


0.047-0.35 ,,f 


\. . 5.0 



a." The concentrations pres^ented .encompass the range -^of values- reported in 
references [4, 6, 7. 8.. 9/10. 11]. . ' ' . ; 



b. Rpfer,ence J;i2]. 



A 



1 



3.5.1 Site Identification 



•■■y 



The ' complexity of si tVndentifi cation .'de^^ the size of the/:study 

area and the nature of the land use. Gne approach is to start-wtth land 
use plans and identify undeveloped land. A |;po1; that can be used is the 
map oye,rl ay technique. Map overlays can help the. planner or engineer* to 
organr^e/'- and. 5tudy the combi^ri'ed effects o'f land, use, slope, reliefi and- 
soil 'penneabiTityt Criteria can be set on these four factors,. an<l -areas 
that satisfy tJje criteria can then be located. If this procedure is 
.used as ^ pre! i^lnary, st^ in site idenltification, the criteria shoul d 
be reassessed, during ^'each^ successive • .iteration. Otherwi-sej strict, 
adherence ^ to such criter'ia^may result in ov^Tooking either sites or 
land treatment opportunities. . f 

. ■' • ■ • ••• ■%■'•' 
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Infomatlorr required to make "a map overlay includes: 



Source . , information 

USGS quad sheets Base map With topography 

Land use. maps ' Existing and future land use' 

Soil maps/ Soil parmeabHity and slope 



r 3..5:.2 Site Selection / 

• ■ ; ■ , ,. : ■ . ' ' 

' The pr^Tcfss of characterizing, ?)evaluating, ' and. selecting sites 1s 
usually Iterative -n'rt^, nature. The first screening of sites may be done 
usjng overlays or.K; donsidering only land" use and soli-permeability. 

'I^ubsequent evaluations include- factors , such as those presented 'in 
lable 3-5. ' ^ - 

■•A 'v.- . - " ■ ' ^ •■ ..." „■ ■ ■ . ; ■.■ ' : ■ : - 

■:?#nce.the full artrkyjjf -s^te characteri-iiics is assembled, and sites havfr^ 
n-'^!:?v. .screened rfpv acceptabi 1 i ty , the >sel ection . process can i ncl ude^» 
i. nurhfericar,./ rating 'systems. The relative 'effect: of each characteristic" 
ft;:.^|n. be detenmn^d by assigning weigtiting values.;: This resulting ^fatings 
■ A, ;,.s*ipul d include input from as, many qualified t^lanhers and^ endineers as 
^^vj-passible'-to reduce^^biasV ' ■ ' ■ ■ ; 

■ 3.5 ,Topog[rapihy-\," ■ V :.";^iv':;,\^f': ^ • 

T.hre^ ,ma features that affect the suitabif ity= df a site 

^°r; W^^^^^^^^^^^^ of, wastewater ai^e; slope, relief , and susceptibil ity 

'^y -ft^^'"^* ^^^se- ' ^^^^res play a ..major ' role in the-^prelimfnary 

^, ,,Tdeij.tifi<tati;dn and evaluation : of .potential sites. A less important 
topographTC-feature— aspect— may alio affect site suitability. The 

.• amount of , solar radiation a site receives is^related to the aspect, or 
direction, of the slope.- This wil;C affect the consumptive water use of 
crops, vegetation, or -woodland being considered. The type of climate 
will determine the impact that aspect has on site suitability. ' " . 

The-USGS publishes topographic maps: for most areas "in.the United States. 
These maps^ usually have scales of 1 : 24 000 (7.5 minute series) or 
1:62 500 (15 minute series), and they are suitable for determining the 
slope and elevation of a region for a' project in the planning stage. 

Examination of topographic features - should \ not be limited to the 
potential site. Adjacent topography should be evaluated for its effects- 
on , the site, particularly with respect to drainage and areas' of 
potential, erosion. Adjacent land characteri^stic* to be identified are 

• • • ■ ■ ^ ...».■' 
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those that may potentially (1) add •stormwater runoff to the site, 
,(2) back up water onto the site, (3) provide relief drainage* , or ^ 
(4) cause the appearance of-groundv/ater seeps . . 



tABLE 3-5 ^ 
SITE SELECTION GUIDELINES 



Characteristic 



Land treatment 
process affected 

— ^ — — ' " 



Effect 



Soil permeability 



Patential ground- 
water pollution 



Overland flow 

Rapid infi ltrati on 
and slow rate ^ 

Rapirf .infiltration 
and slow* rate . 



High permeability soils are more suitable to- 
other processes. 

Application rates increase with permeability. 

Affected by the -(l) proximity of the site^Xo a 
potential potable 'aqui fer, (2) presence .af an 
aquicludeV. {'3.)'. .direction, of groundwater flow, 
arfd {4).idegree:Vo^ groundwater recovery .by weTls, 
or. undaridt^ai■r^5,;.^^; , 



Groundwater storage Rajfiitd -infi U^^^ 
dnd recovery , r *^;':^^~, 



Existing land' uses' i All processes 
Future land use All processes , 



Size of site 

Flood-ing hazard 
Slope 



All processes 

All processes ' 
A^l processes . 

Rapid infiltration 
Overland flow 



'Gapabjlity;fbr.;.st^^^ percolated wate.i^^and 
recpvery^Hy'^elJ(?r'o gunderdraing^ is bas'ed- on 
aquifBr/yepth, /permeabijityV aqui elude;. Qorif 
tinu4 ty,' effective treatinent^ . and abi 1 i ty 
to contain' t^e retha^'ge. mound within the 
desired- area ^ 

involves -the occurrence arid nature ofv],./' 
conflicting land u5.e. , ■ . 

Future urban development may affect the abi1it;y 
to expand the system. 

If there are a number of small pa rce,]?,; it is 
often difficult:-.t;o. control the needed."^area and 
implement' the plih. • . < 

\ ■'<■"■ ^ ' : 

May exclude or limit site us6. 

Steep slopes may (1^ increase capital expenditures, 
for earthwork, :and (2) increase the,erbsion hazard 
. during wet weather. ' 
Steep slopes of^en: -affect groundw.ater flow pattern. 

Steep slopes feduce the .travel time over the 
treatmentjarea and treatment efficiency. Flat 
land may require extensive earthwork 'to 'create 
slopes. c 



' '. '•3.5.3.1. Slope # : 

Excessive s-1ope is an undesirabl'e characteristic for/ Vand appl idatipn 
because (1) it increases- the amount 'of runoff and erosion that will 
occur (2) it may lead to unstable soil conditions when the soil 'is 
saturated, and (3) it makes cMp cultiyation difficult or,. -in some 
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^^\J^^^^^^''^ri%^r^^- for i^ s^ppe mTSm9et\(l^'ir\ part' on 
.both^ the amodnt. oT .land wi th moderate sl/opes tlfEthan 10%) that is 
available and t^he land . treatment process. Sutc^$#iil /agriculturally 
related, systems-, using, slopes of 15% o»? .more-Aridvsilvicglturi^t^ 
..vsystefiis on wooded ^slopes of up to^AOX haveMen repj^d L131. " ' 



The system -^f igiw-atiort '^^^^^ earthwork /requirementsv particuTarTy for 
overland f'^^^_^rapiil inf litigation treatment, are ■impbrtant factors 
that • w1 1 1 de1«|M. the maxi mum scopes . pe'rml ssi bl e for a "pbtenti al Site 
.If, rolUnj t«l»§p, i5 vto, be used'for cultivated' agrS" culture. thatsTop? 
should not:^,ex.^^about 15%. • Grass ,and. forage cpop^ can be adapted to 




fi^fPe^^jSlippesiil'*:^ ati vely f 1 at 1 and /i s . normal lyK%qUi red for surface 
^ '^^^^^^^ ^contour furr;pws have been useT^rt ^slopes "as- steep 



For rapid .infTl,traii;pn, ;theXprimar)f^W^^ is that .lateral 

water movement be cori,t*$pil^,.so;that^:p^^^^^ of lower basins 

are not affected. At Wesja^, Wiscon;^;T^ have been terraced into 

a b% sloping hillside,£?^but there /are no underdrains. and the lateral 
movement V of water from, the upp^r basins reportedly affects the 
percolation rates in the lower basins.. 

Fo,r overland flow, t,he primary / requirement is that the existing 
topography^ be such that terracd slopes of 2 to 8% can be formed 
economically. The cost and impact of the earthwork required are the 
major c6nst>3aints. • ' ' 

^ M : 3.5.3.2 Relief 

Relief M's the relative elevation or elevation diffeioence between one 
part of the land :^atment system and another. Relief and terrain Are 
1 nterrelated' as they affect /the^ economics of pumping wastewater..; The 
pumping cost is the- principal annual operation cost when large elevation 
dij^ferences exist . between th^fe wastewater source arid the land treatment 
site, , reuse., .location, or discharge point. This cost must be weighed 
against the ;cos,t. of constriicting gravity conveyance to' si±es that may 
have greater dis.tances between system components but favorable relief 
characteristics. ' i 

For,- silviculture (Where/ sprinkler irrigation of forest larid is 
considered), more liberal/ relief, and slope tolerances are possible 
because^ the nature of the root system, forest litter, and vegetation 
offer resistance to direct/surface runoff and- resulting erosion. 



\, ■■■■■ , .3.-5.3..3 Susceptibilrl^'; to^f^oai^Ti^^ 

Location of land treatment systfeimsfvwithiivja flpo^^ ;v ■ 

asset or a liability, depending >bnv the ap^^^ 

design. Flood prgne areas -.hiay iblCun^^^^^ bepaUse: of the highly . • 

variable drainage characteristics liisu^al-lyV en^^^^ and potential . 

flood damage to the physical , componehts: of the treatment system; On tl^e f 
other hand, f 1 ood pi ai ris , al 1 u vi al deiJpsi t's , .andv.del ta ,f brmations may be . . 
tW--'<>'^ly deep soils available": in the area.;. W design and 

choice of appl ication techniques, 'a .lan^lliti^eatment ^system an ; 

integral part of a flood plain management plan. .T^ flooding hazard of 
a potenti al si te should be eval uated with ;respect to both ..the severi ty 
of floods that couTd occur and the extent of :the area fVooded. , 

• \ • ■ ■ ■, .■ - ■■. 

The extent o1^ flood 'protection built into a land tre'atiTient system will ^ 
depend on local conditions. In some cases, it may be preferred to, allow 
the site to flood as needed and provide the protection through off site, 
storage. Further, flood plains -are . generally unacceptable . for ./ 
construction of dwellings ,or . commercial ■ buildings, offering. 
opportunity fof ifnaginati-ve uses of land treatment systemf-v . It shouTd.;,^^^V 
be noted that crops can be^rown ir> flood plains if the infreciuency; of ^ 
floods makes it econbmicaV to farln. ' ' ■' '■^ y- '^-^ 

Descriptions' of severe floods that have occurred iri the Uni.teH'vStates,i^^^:^^ 
and summaries of all notable floods of each year,, are fiUbliSh^d'^s;USGS;/ . 
Water Supply Papers. Maps • of certai n 1 ocal.iti es showi ng the". wea 
inundated in past floods ' are published as' Hydrologic. Investigation , 
Atlases " by the USGS. More recent' ma'p^ of flood prone areas have b|en, . 
produced by the USGS in many areas of the country as part of the 
"Uniform National Program for Managing Fl bod Losses*" The maps; are 
bas'ed 5n standard 7.5 minute (1 :Z4 000) topographic sheets;,, and,,, by ; . 
means of overprint in black and white, they, identify those areas .that • 
have a 1 in 100- chance of being inundated, in . any . given ;y 
Additionally, other detailed' flood information is usually available from.- 
local offices of the u;s. Corps ' of Engineers and .the flood cpnt^'Q^^ 
districts that deal with such problems f irsthand. ^^^;;^^ ^ ' 



.3.5.4 Soil s 



The soil at a potential site should ' be identified in terms 'of its .. 
hydraulic, physical, and chemical characteristics. Important phy.sical ,; 
'characteriUics include texture, structure, and sbil depth. Important 
hydraulic characteristics are infiltration rate and ' permeability. 
Chemical characteristics that may be important include pH, cation 
exchange capacity,, nutrient level s, and the' adsorption and fijtrati on . 
capabilities for various inorganic ions. 
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' .^[l^o'^aj^on on soil properties can be .obtained from ^several 'so'u^^^^^ 
* 55* J • , ^ surveS^s are" the primary source. 'Well 1 ogsj, can al sb'<)f fer 
additional data on. ^soils^ arid, vg^ Soil surveys will normally 

provide soixl maps., delineatl^ig^ the appaVent boundaries of soil series 

■ *" . J'^^'^ surface texture A Wr i t.^en -desc ri p ti dfi of ^eac^^ sdi 1 series 
iproyides limited information, on" cheraicat properties, engineering 

applications, ;,.interpret1ye and, management information, Jl opes/ drainage^ 
; irpsion potenMals,- iand gener»ai ;suitabi,Hty for. most kinds of Qrops 
grown in the/^ particular - area. Additional information- on soil 
.•characteristics anti information regarding the availability of sotl' 
. surveys can be obtained directly from the SCS. The SGS serves as the- 
coordinati ng agency for the ■ National Cooperative Soil Survey, and as' 
/ such, .cooperates ; with other government agencies, universities, and 
:# agricultural extension service^ in obtaining and distributing soil 
survey information. ; .. V. ' ' ° . 

■ 3.5.4v}. -Soil Physical fihairacteri^s^^ r. v' . ^. ^ . . ' .. 

. ; v ■• ; 'V:.: . ■ ■ ■.-..-^ :r '-y '}^'- ■ : ■ ■ / »' ^- '■■ 

. .^5^ ■ P'^oP^'^ties of .itexture and structure ^are impbrtan't because 

of ^ their effect on, hydraulic properties. Soil textural classes are 

def 1 ned . on the basi s of the .relative percentage of the three^Vlasses of 

■particle size-^sand, silt, and clay. Sand parti cT estrange fa sfze from 

4.0 mm to 0.05 mm; ".si 1 1 prartici es. ranjge from 0:05 nm to $.002 mm- and 

. particles; smaller than 0.002 .mm>;v^re .c*i#.\ .From the particll si# 

^ distribution, the textural tlass can be determined using- the textural 

- ; triangle shown in Figure 3-7. V Jenns commonly used' to describe so^^^^^^ 

ff^^c^^ ^"^/^^^ re^^^^°"^^^"P^> class names as es'tablished by- 

the SCS are listed in Table 3-6'. . " . -1;'^ ■ . 

■ ' ■■ - '. • • .■ ■ ■ ■ ■ ■ ■ , - ■ ■ ■ „;■■ ■ ■ '. ■■■■ ' ' •■ . 

■ ; . , • -.^ ■ . ■.■ . ■ : ■: . . ■■ ■ ■. , ■ ' " .^^ 

. Fine-textured soils do; not drain well 'artd retain^ large percen 
1^ t^"^ ;°n9 periods of time. As a. rfesu-Tt, crop, management is more' 
^difficult -fthan; w,ith more freely.\ drained . soil s^^^ as Toamy soils. 

■ Fine- textured soils are generally best suited to overland, frow-systeras. 
Medium- textured soils exhibit the best^balahce for wastewater renovatijon' 

. and drainage... , Loamy (medium. texture)^ soils are general ly b^f suited 
for slow r.ate systems (crop irrigation).' . 0 . > 



- . - , 



^. f Coarser textgre.d sort s., (sandy stii-l s) .can accept 1 arge quantities ^f water ' 
? . ;:■ and: do not retain v moisture - very l ong. This feature, is imferta'nt for 
crops ;||>.at - cannot withstand; v prolonged submergence hf Saturated rdot 
zones. ^.-|pr1 structure refers - to the aggregation (rf lndividiiaV Soil 
m ^^^y^^^ ■■ ] ^ t^iese. aggregates : res i st disi nte^ratijil^^hen the soi 1 i s' 
' ;v:wetted or; ti lied, it is wel 1 \-structMred'.- The' laMe bor^s in weVl^ 
Mructared sol IV conduct water .and air, making ;wei'^-strdi:%fNd. soils' 
" cte«siraa)1e for infiltration. > '5^^ 



Adequ3;^e^-soi 1 depth. S^m^^i^rX^J^^ retention 
; wastewater components. ,;of>,::-soii:; ^B^ici^^Si ^?!fe^^^dcteri al action." 

■ ' •■' •■v'' ■»^-<^'''^-'^-.f '' \ '-^-^ ^.-V • ;.' .i^'. ■ ^■'^'\.^ "\'■■ 
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. . • , ' FIGURE 3r7 /: 

PROPORTIONS OF SAND, SILT, AND CUy%v 
vTHE BASIC SOIL-TEXTURAL CLASSES [1,4*] ' 
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Plant roots can extract water from depths ranging fromil to 9 -ft (0.3 to 
2.7 m) or more. Retention, of wastewater components, such as phosphorus, 
heavy metals, and viruses, is a function of residence time of 'wastewater 
in the soil and the degree of contact between soil' -conoids and the 
wastewater components. . - ■ » ■ 



TABLE 3-6 * • ; J 

■ - . . ■ t 



SOIL.TEXTURAL CLASSES AND GENERAL TERMINOLOfifii 
U$ED, IN SOIL DESCRIPTIONS [15] . : 



' tCeneral terms . ' >>. ^. 

Basic soil textural 



Common name' Tefttture . ' das? names 



Sandy sbils Coarse. ^Sand 

\ Loamy sand 



Moderately coarse J Sandy loam 

I Fine sandy loam 



■ . . iVe'ry fine sandy' loam 

Loamy soils' Medium , . , ^ 

loi I t loam , T 



iClay loam 
Moderately fine jSandy clay loam 



Silt 

Clay 
Sand> 

'Silty clay loam 



iSandy cliy # 
Clayey soils - Fine Sil^y clay ^ 

*• ' (Clay . 

— ^ — ^ \ — t ■/ : ■ 

The type of land treatment system being considered will determine'^ 
whether soil depth^is adequate. The minimum soil depth for most systems 
that rely on infiltration (rapid infiltration arid slow rate) is 
about 3 to 5 ft (1.0 to 1.5 m). Soil depths, of 1 # 2 ft (0.3 to 0.6 m) i 
can silpport grass or turf. Overland flow systems requiri sufficient- 
soil depth to form slopes that are uniform and to maintain a- vegetative 
cover. 

3.5.4.2 Soil Hydraulic Properties 

•.■ . -.^ i . * . 

Drainage of water within the. soil depends on texture, structure, and the 
absence of subsurface constraints to the flow of water. An example of a 
vertical constraint would be an impemieable clay, hardpan, or rock 
strata underlaying a . sandy soil. The lateral transmissibility and 
percolation' rates may limit the ap*pTication rate unless they are equal 
to or higher than the infiltration rate. For high rate systems that 
depend largely on vertical water moyement, the permeabil ity of the most 



restricting layer in the upper several feet* of soil will usually 
determine the maximum hy^raul ic loading. 



'*The most recent permeability class definitions developed by the SCS are 
shown in Table 3-7. Soil permeabilities other than the values shown 
In Table 3-7 (for the respective permeability class) may appear in; 
sol r literature depending on the age of the document and., local 
variatiohs in interpretation. The ' soil permeabil ity ranges normal ly 
associated with.each land treatment process are compared along with the 

• corresponding permeability and textuy^> class in Table. 3-8. 



TABLE 3-7 

PEl^EABILITY CLASSES FOR SATURATEQ? SOIL L153^ 



Soil permeability, 
in.Th 



Class 



<0.06; 


Very slow . 


0.05 to 0.2 


Slow 


0.2 to 0.5 


Moderately slow 


0.5 to. 2.0 


•Moderate • 


2.0 to 6.0 * 


Moderately rapid 


5.0 to 20 • 


Rapid 


[ '>20 


Very rapid 



1 in,/h = 2.54 cm/h 



TABLE 3-8 - 

TYPICAL *OIL PERMEABILITIES ANa TEXTURAL 
CLASSES FOR LAND TREATMENT PROCESSES 



Soil pprmpability 
range, in./h 

- Permeabi 1 ity 
clas|^range 

Jextura 1 f 
class range 

Unified So 



Slow rate . 



"I^f" Principal proces<ls 



Other processes 



RapTd .Overland 
infiltration flow ' 



Wetlands . Subsurfac^, 



0.06*20 



2.0 



0.2 



A 



Slow 



Classification [id] OL.-MH'. PT 



Moderately slow to'- Rapid 

moderately' rapid ^ 

m . . 

Clay loams to Sapds and Clays- and 

s^dy loams sandyfcloams clay loams ^ 

^ GW. GP, SW. . GM-u, GC. 



GM-d, SM-d, ML. 



SM-u» SC. 
CL.^.OL. CH, OH 



0.06-2.0 



Slow to 
moderate 



0.2-20.0 



Moderately f 
slow to rapid 



Clay loams Clay loams' 
to silt loams . to sands 
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3.5.4.3^ Soil Chemical Characteristics 

• • ■ ■ . . ■■■ 



The balance of chemical cpnstituents in soil is- important to plant 
growth and wastewater renovatiQn. The mechanisms of retention of 
certain constituents by the spil are discussed in Appendixes A through 
E. Chemical properties of* the soil should be known by the engineer 

prior to Jj_esign, f so_i_l_chemlstry_ 

that coul^^ occur ■ during operation. Some of the indicators of soil 
conditions, are -pH, salinity, cation exchange capacity (CEC), 
exchangeable sodium. - percentage (ESP), percent b$se ' saturation, 
nutrients, and metals. Detailed, discussion of these chemjcal 
characteri sties >. is deferred to Appendix F, .* * . 

» ■ ' ■ ' - ■ i 

3*5. 5 Geology « * ^ / ^ 

Geologic formations, and discontinui^ties- that might cause unexpected flow 
patterns of applied wastwat6r to the 'groundwater should be Mdehtif led in 
^^ttie. planning stages of a land. treatment system. ..If thA unjierlying rock 
.is fractured or- crevassed like limestone, percolating wastewater may 
shbrtcircuit to the. groundwater, thus receiving less than proper 
treatment because of reduced, residence time in the soil. Similarly, 
perched water tables above the normal groundwater can result from 
impermeable or semipermeable layers of rock, clay, or hardpan, thus 
reducing the effective renovative depth. Permanent groundwater should 
be distinguished from localized perched groundwater conditions. Both 
the reason for anid the direction of movement of .si perched groundwater 
are important geof^drologic factors of i site. 



Geologic discontinuities, such as faults and intrusions, should be 
eyaluated^for their -effect on groundwater , occurrence, influence on 
quantity ,^nd direction of movement* The USGS'and many state geological 
surveys have - completed s.tudies and maps indicating the effects of , 
geologic formations on groundwater occurrence and movemertt^ Water well ' 
logs can also provide local, detailed information. A groundwater 
geologist familiar with local conditions can provide valuable 
information by identifying geologic features that may affect groundwater 
movement at 'a particular *site. 



3.5.6 Climate 



ArT^v^luation of climatic factors, such as precipitation, evapo- 
''transpiration, temperature, and wind, is used in the determination of 
the (1) water balance, (2) length of the growing season, (3) number of 
days when the system caqnot be operated, (4) the storage capacity 
requirement, and (5) the. amount of stormwate?* runoff to be expected. 



•3.5.6J Climatic Data and Its Use 



Sufficient climatic dati are generally available for most locations from 
three publicatiorts of^;the National Oceanic and Atmospheriic Administra- 
tion (NOAA - formerly thevU.S. Weather Bureau). • • 



The Monthly Summary of Climatic Data provides basic data, such as total 
precipitation, maximum and minimum temperatures, and relative humidity, 
for each day of the month for every weather station, in a given area. 
Evaporation data are also given where available. v 



The . Climatic Summary of the United States provides 10 year summaries of 
data for the same stations in the same given areas. This form of the 
data is convenient for ^use in most, of the evaluations that 'fnust be made 
and includes: " ' 



•Total precipitation for each month of the 10 year period 

Total snowfall for each nionth of the period 

, Mean niimber ^'6f days with precipitation^exceeding 0.10 and 0.50 
in. (0.25 and, 1.3 cm) for each month -;' , _ 

Mean temperature for each month of the period ^ \^ 

Mean daily maximum andminimum temperatures for each month 

Mean .number of days per month with temperature Jess than or 
equal to 32"F (0"C),- and greater than or equal to, 90"F 
{3Z.5X) 



Local CliJiatological Data , an annual summary with comparative data, is 
published for a relatively small number of major weather stations-. 
Among the most useful data contained in the publication are the normals,, 
mean^ and extremes which are based on all data for that station, on 
record tO' date. To use such data, correlation may be required with a 
-station reasonably close to the site. . 
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Climatic data should be subjected to a frequency analysis to determine 
. tKe expected -^orst conditions for a given return period. - The data 
analyses are summarized inJable 3-9. - , 



3.5.6.2 CliilstfcXon&i^erations for 'tVops 

The comiimptive* use by plants is in'direct relation to the climate of- 
'the a^^a. . Consumptive use or ev^potranspi ration is tlie total water ulld 

" ■■■ '.'f. , ■ , t ■ ' . . ' 
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in^^ transpiration; T-'Sto^red in plant tisltie, arttl evapo)'ated from adjacent 
soil • [17]. The consumptive use varies with the type of cropi humidity, 
air temperature, length of growing season, and Wind velocity. The 
amount of watCT^ lost by evapotranspiration can be . estima"ted from the pan 
evaporation data supplied by NOAA in the vicinity of the site or from 
-theoretical methods (see Appendix F). ' 



TABLE 3-9. 
SUMMARY OF CLIMATIC ANALYSES 



Factor 



Data required 



Analysis 



Use 



Precipitation Annual average, 
maximum, minimum 



Frequency analysis, in./yr Water balance 



_ erfsJtyTSuration Frequency analysis, in./d Runoff estimate 



Temperature f \ Days with average. F.rost free period, d 
5» belovi freezing 

Wind / \ Velocity and -- . 

' ^) \}\] direction v 

. : ■ ' 



Storage, treatment efficie'ncy, 
crop growing season 

Cessation of sprinkling 



1 in. = 2.54 cm' 



TJie length of the growing season affects the amount of water used by the 
crop. The length of the growing season for perennial crops is generally 
the period beginning when the maximum daily temperature stays above the 
freezing point for an extended period of days, and continues throughout 
the season despite later freezes U7]. This .period is related to 
latitude ' and hours of. sunlight as well as to the net flow of energy or 
radiation into and out of . the* soil. A lilnited growing season will 
require long pjeriods of storage or alternat)A/e methods of disposal in 
winter. . Y 



3.5.7 Surface Water Hydrology and Quality 



3.5.7.1 Hydrology 



Surface '^water hydrology is of interest in land treatment processes, 
-mostly , because of the runoff of stormwate^^. ^Consideration's relating to 
surface runoff control apply to both slow rate and*§verland flow. J?aaid 
infiltration processes are designed for no runoffs / 

The 'CQr\trol of storftw^ter runoff both onto and off a land treatme^^^ite* 
must be consider^^.^'- First, the facilities constructed as parl^^ of jt|e 
treatment system ..must ^ be protected dgainst^erosion and washou:^frj^ 



extreme storm events. For example, where earthen \ditches and/or 
terraces are used, erosion control from stormwater runoff must be 
provided. The degree of control of runoff to prevent the destruction of 
the physical system should be based * on the economics- of replacing 
equipment and structures. Xhere is no stan<Jard extreme storm event in 
the design of drainage and runoff collection systems, altHbugh a 10 year 
return. event is suggested as a minimum^. ^ * v 

, :;3.i.7V2 Qitali ty s . ' . 

The . need^ to. control./ surface' runoff resulting from stormwater depends 
mairiTy on ; the* expec^ted 'quality of the runoff ^relative to the liprmal 
•discharge requirements /'to • a ' local body of j^later. . Runoff qQality 
resul ti • from stormi ' c^jt* i%ncf *<%§tmeflt -si tes , i s' essenti al ly unknown for 
most constituents. HowweV, tp' give some p0rspectiye to the magnitude 
of nitrogen oand, phosphorus- , coiicentrations in runof-f . from various 
agricultural and rural are|iS:,*:and :as an approacji tft- solving .the p^obltem,' v 
selected daita from agricultural stoi^ater ruriof^^^^^^^ in > 

Table-3-10. ' ^- • ■ r \ • ■ ■v:.' • 'r'-\ 



r epo r ted . i n. -Ilia b 1 e 3-10 
at ^fertilizing prac-tice;, an4: c.u^ versus 
as. rela^ # nutrient Tossed, llev^jrtheles^ . 
1 s ad.vi s|ibl e to prdvi de- some form ^.of r sed jment Vemoval at. , 
^Ites before allowing the remain water to 

on the ,eS;perimental work i n/Wiscdnsin^^ L^ woul d , 

the .nutri»Jnt flosses from ./the: site; ; to> 
" and. nutrient loss include |l ).>,^^^ pMnting ver^sus 
nd / (2) incorp6rat|on ^df ^pTa# 
in ©thje soil . in^each resa^ 
af f i^ct*' eros i on 1 dsses Vere.jjfesen.ted / ^a^ 



It is : important to'jidte that the. research work 
w?S ' aimed .primarily /' al* /fertilizing prac-tice. 
;noncultjvatipn ^ 
suggest that ft 
land treatment 
escape. \ Based 
•greaj:ly .^reduce 
ranimlze^ 
straightrrow, . 
increase;, orga 
r additional, 
interested 





consul t "^he 1 i terature. 



has cdnpiled runoff 
ges of values for cpnce 
resu 1 ti hg from preplipy 
se constituents, a'r 




e . recerifvly, 
point sou 
agricul 
^ield per uYi 



IRunqrff qual ity-^T^timaj^es deri \Aed irom d^: 
^^"^^V^^^^ prelTitii'nary in nature^ bec,aus 
•methOTffl, ' anelv^y^ tiiethods, fi^ld ^^on 
constrairflCs. / ;?ne. . 0;rder ^ of magni tude'^', of 
differences between * sources are "^0S^|3j- 
Adhegjence *^to establisl^d agricul tural^^^Bk . 
environmental protection will limit ad'x^^llrrunoff 'T^^ 




]Ti ty dgta f f pm^'Yarlous 
^ati ons^/pf cdnsti tlS^nts^ 
i on and "^ti.e potenii.aT" 
j^d^in t^ble .3-1]./ ■ 



Mratteris 
nificant than 
for eros iibn 




to : t)0 
J^ng' 

:cs* and^ the; 

the.'valu6s. 
ddntfbl and' 




. TABLE 3-10 . ., , 

AGE VALUBS- dF nitrogen. and PHOSPHORUS MEASURED 
Iti-AGRICULTURAL STORMWATER RUNOFF STUDIES 



Location 
Ond site 
des'cription 



Total 



.Management practice 



Total 

nitrogepv phosphorus, 

^ f^g/L 



Nf>rth''Xarol ina 

fi7;:f|haca, ff.Y. / i 
■ / (earn , beans, 
r.-.rwheqt) [19] 
V . ..-jv^^. - . Ontario (marsh 



.(pflot-pP^ " 
•-■rOil;.-stubb-.?e) 





' ^ !>leavily fertil i zed, 
- uncultivated . 

* y bightly fertilized* 
• . unciiltivated f ■ 

'iHighly fertilized 

: -Mocjerately fertilized 

i . ■ ■ ■ 

Fertilized arid cultivated 
Unfertilized and uncultivated 

Fertilized plowed surface 
■ , 1 .In sedimeht 
: 2. In water 

* ' . " ' , 

Unfertilized plowed surface 
" 1 . In sediment 
2. Jn water * 



4.60. 
4.60 



1.60 

.6.173 
.1.703 

1.88S 
0.05c 

81. 8^' 

2.8 
84.6 

75.2 
. 0..7 
75.9 



0.10 
0.10 



0.08 - 

0,26b 
0.12 

0.67 
0.,17 



0.Q8 

0.49 
1.37* 



0.33 
O.IX 
O74S' 



Smmonia plus nitrate nitrogen ortly.' 
^porganic, phosphorus only. ^ ' - ^ 

^'^)^^^^^v?Jitrate 

^S^p*^^: Organic -nitrogen from soil sediment accounted for 90+% of all, 



'■'^^'■i^'^'^"' 'nitrogen. , Runoff occurred from 1 h- of rain at 2.5 in./h,- 24 h 
' f^'^^^^£^' . after'a similar rain event. ■ ' ■ • 




•:i in./h. = 2'.54.(!!m/h. 



3.5.8 Gpouitdwater fjydrology and, Quality 



Collectidr) and analysis of available data on groundwater hydrology and 
quality -are ^essential to planning arid feasibility studies. Desirable 
informatibn' includes soil surveys, geologic and groundwater resources 
surveys/ well drilling logs, groundwater level measurenients, a||d 
chemical -analysis o*f, the groundwater. Numerous federal , state; county, 
and city- a^enci'es . have this type of information as welT^ as'un^iverslties,. 
professional; and technical societies, and private concerns witK 
groundwater- rel|i ted interests. Particularly good sdurces are the USGS 
at the federal level, state water resources departments, and county 
.water tconservati on and flood control districts. ' 



Concentration, mg/L 



— r ' 

Area yield rate, 'Ib/acre-yr 



Source BOO ' . NO3-N Tote^J. N Total P BOO NOa-Na Total N ^ Total P 

Rreciptation ■ 12-13 ' ^ 0.14-.K1 V.2-0.04 0.02-0.04 1.3-3^.7 5-9 / / 0.04-3.05 

Forested land . . .I ::j ,0.1-1 .3 0.3-l'.8 'o.OlrO. 11 . . . . . 0.6>7.9 . 3-12 0.03-0,8 

; Rangeland .... . .... . ....^ 0.6 V... 0«P7/ 

Agrfcultural • . 

,^cropland ^ » 7 - . ' 0.4 , . 9 0.02-1.7 ....... 0.1-12 0.05-2.6 

• ■ ^ . ■ , " ■ • ■. :i 

Land recelv'ing • • 

manure .'. . . ......... ....... .3.6-12" 0.7-2.6 

Irrigation tile . . . • , 

drainage* western ... , . * . /' ■ ' ' 

united States . - ... . . 

Surface flow'. O.A-1.5' 0.6-2.2 . 0.2-0.4 • .\ ... . 3-24 0.9-4. (T 

Subsurface ' • . 

drainage .............. \1. 8-19' 2.1-19 0.1-0.3 ..... 74 - 38-166 . 3-9 

Cropland tile V 

drainage' ^ ......... 10-25 0.02-0.7 ....f '. . . 0.3-12 0.009;0.3 

. ^ Seej5age' from . . ' > • 

stacked manure '10 300-13 800 1^ 800-2^350 190-28Q ; ..... 

Feedlot 'runoff . -1 000-11 000 10-23 920-2 ]O0 290-360 1 390 ....... ' 890-1 430 9-550- 

Note: .Data do not reflect the extreme ranges caused by improp^er- waste management or extreme storm 

^*^conditions . 5 ' . « . r ' 

' , ' ■ , - ■ ' ' ■ » .'• ■ ■ ' • ■ . -■ i . 

1 Ib/acre yr 1 .1.2 kg/ha -yr ^ 



. V 3.5.8.1 Hydrology • . : 

■ , J • - ■ . ' ■ . ' . * ■ ■* ■ ■ ■ • . ' 

A knowledge • of the .regional gro.i/ndwater/ condi tions is particularly 
importarrt for potential rapid infiltration and * slow rate ' sites. 
Overland flow will hot usually require ,an \extehsive hydrogeV]ogic 
investigartibn.* -Sufficient removal of ^pol.lutant's, in the applied 
wastewater ^ before , reaching aV permanent groundwater resource is th^. 
fjrimary concern. The depth to groundwater and its seasohaT fluctuation X 
are a measure of \ the aeration zone and the degree of renovation that 
will take place. \ ^ , ! 

When several layers of stratified groundwater;u'nderlie-a particular . 
site,c the occurrence „of the vertical leakage between layers should be 
evaluated. Direction \ and rate of groundwater flow and aquifer 
permeability together with groundwater depth are useful /in predicting 
the effect of applied. wastewater on the groundwater regime. The exten|*'. 
of recharge mounding, interconnection 6f aquifers, perqhed water tables, 



the potential for surfacing groundwater, and the design of monitoring 
and withdrawal wells are dependent on groundwater flow data. 

Much of the data required for groundwater valuation may be determined 
through use of existing wells. Wells that could be used for, monitoring 
should be listed and their iWelative location described. Historical data 

' on quality, water levels, , and quantities pumped from ther operation of 
existing wells may.be of value. Such data include seasonal groundwater- 
level variations, as^ well as variations over a period of years. The 
USGS maintains a network of about 15 800 observation wells to monitor 
water levels nationwide. Records of about 3 500 of these wells are 

.published in Water-Supply Paper • Series, "Groundwsiter - Levels in the 
United States." Many, local , regional , and^ state agencies compile 

. drillers' boring 'logs that are also valuable for defining groundwater 
hydrology* " , . ^ , . ^ • 



3,5. 8.2 Groundwater "Quality. 

' Land treatment of wastewater can*provide an alternative t6 discharge of 
conventionally treated; wastewater. However, the adverse impact of 
percoldted wastewater, on the quality of the ^ groundwater must also be 
considered. % Existing groundwater quality \should be determttted arid 
compared to quality standards for its xyrrent or. intended use. 
Groundwater ; classifications are discussed^ in Section '5.I.I.. The 
expected quality of the renovated -wastewater can then be compared to . 
determine, which constituents in .the renovated water might be limiting. 
The USGS "Groundwater Data Network" monitors, water quality in 
observation wells across the country.. In addition, the USGS undertakes 
project investigations; or- area! groundwater studies in cooperation with 
loc^T;, state, or other^.^ federal agencies to appra'is.e groundwater quality. 
Such reports, may provi.dfe a large jTart of the needed groundwater data. 

■' ■ ' . ■ * ' ■ ' " - ' ' - 

- 3.6 Other PTanni'ng Considerations 

- .. ■ ■■ ; ^. r . . • ■ . • ' .■■ . - . • . 

Land treatment sy^stems make use "of existing- natural conditions; 
therefore, a thorough knowledge ^gf allLas^ects. of any given site is 
necessary for a successful design. Most features common to all sites or 
projects have beert discussed briefly i<j the preceding sections. There 
are > also governmental features or planning factors that ipay be 
Tndirectly related to land treatment studies. . Some of 'these factors arie 
presented in this section,^ including: " ; 

•. ^ • • ' ,^ ■■ ■ ■ ; ■ ', ■ ^ , ■. ■ ■ ; ■ ^ 

■ • Water rights ^ . 

. Governmental programs v 
• Land use 



• Environmental setti ng 



jl' ' Social and ecQnomtc aspects 
;;3V6.T Water Rights 




On the basis, of ^ter rights considerations, the implementation of a 
land ; treatment system ma^- involve a change in water 'use from 
nonconsumptive (passing flow through a treatment plant with subsequent, 
discharge) to consuniptivfe. i This change can interfere wi th the Wter^ 
ri'ghts of downstream or senior claims to the water as the source of flow 
1s deplieted when the dischargeris not' returned to its original channel 

■'[23J. --'Y;.... ."fe' ■ ^ ■ • . 



^Water; rights problejris ,tend to aris^e in water- short or fully allocated 
ar^ea^, yet the existence of a market for reel aimed water in these a^reas 
'Wi 1 1 "aid In the. cost ef fe&jti vefiess and adceptabi 1 i ty of 1 and treatment, 
national level , these areas^are shown in Figure"' 3-8. , 

Most .riparian Hand ownership) . rights are in effect east of the ^ 
Mississippr River, arid' most appropriatfve (permit. system) rights are in ' 
^^fect west of the Mississifipi River,; as shown- in Figure 3r8 [24]. A 
legal .distinction is madebetween jlischarges ;to a r^eceiving wa^^^ in a 
wel l-defiried* channel or tasin (natural watercourse); supe^^^^ 
not in; a channel or basin (surface waters), ^ind undergrouhcl waters not 
fn a well-defined/channel or basin (percolating or groundwaters] L24]. 
A guide t^o determining whether certain land treatment alternatives may 
involve water rights problems is presented in Table 3-^\2.. The intenti oh , 
here is not to imply that some alternatives will have problems and 
others will not, but merely to guide the planner or engineer through the ' 
preliminary screening of alternatives. ' / . 

■ ■ ■ ■ * ■ , • . • ■ * ■ ' » ■ ■ ■ . • *■■' : ' ■ 

: ' 3.6^.1.1 Riparian Rights ^ * . 

According' to the Riparian Doctrine, anyone owning Vand adjacent to, or 
underlying, a ..natural watercourse has .the riight to use, but not/consume, 
the ^water. -Within this, theory have- arisen two subtheories ("natural 
flow allocation" and "reasonable use") that affect the manner. in which a 
riparian right can be executed^ , In natural -flow, the landowner can 
diminish neither, the quantity nor v|he qualvty of the water before 
returning it to the watercourse. Beyond minimum consumptive uses, such 
as drinking, bathing, or cooking, this right is very .restrictive, an^ it 
qave rise to .the reasonable use thepry. Water under natural; flow can be 
withdrawn for a "natural," riparian* or nonriparian use. Reasonab^ 
requires "that, the wa±en_^e used for a legal aod beneficial purpose. 
BecausV the water right under>iparian ^theory is closely a^rigned with' 
the concept of land ownership, the rights to^j^rfater ownership pass with 
sale^bf the land [i25]... v ; v. 
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• ^ ; TABLE 3-12 

POTENT'IAL filATER RIGHTS PROBLEMS.FOR LAND 
• TREATMENT ALTERNATIVES ■ 



Land treatment process. 



Water definition and 



Rapid 



^water rights theory Slow rate infiltration 



Overland flow 



(latural watercou rises 

■ '■ • ■ ■ ■ ' 

^ Riparian . - 
- .Api>rqpriative 



ConibTnation . 

Surffat^ waters 

Ri^parrian 
4 Appropriatiye"', 

Combination 

Percplating ; 
or groundwaters 

Riparian ■.• 

Appropriati ve 

Combination 



LikelVf^ . tUkely^ 



Unlikely . '-Unlikely Unlikely -y; • 

Likely^ / Lik-ely^ .^-^ Depends on location of discharge 

from collection ditch, 

Depends on locatlonr of- dfschar^e 
• ;. from collectlon'ditch V 1 

- : 

Unlikely Unlikely Likely^ ^ 

Unlikely Unlikely;; LikelyC 

Unlikely Unlikely/.;; LikelyC - 



Unlikely Possible : UnlikelyV. 
Likely Likely ; Unlikely, 



Likely j Li.kely .^Unl i.keli)f' 



FoT>^ sting conditions and alternatives fonnulation stage of^ the planning 
proces^only. It is also assumed that the approprlative^ituations aV*e 
viatev/'t^wl^or over-appropriated.^ • ■ . 4 

If effluent was formerly discharged to^str^'am. 



If collectipn/discharge ditch crosses other properties to 
natural- watercourse. ■ " 



,3.6. 1.2 , Appropri^tiye Rights 



Apprbpriatlv^ rights tendpd tO;b£.' exacted by statute arid defined .in the 
courts on a ^^c?se-by-ca^e variolations exist 

among the 19 western States tliat/reipognize such rigb'ts; In genisral, the 
basic pri hcipl es ^^^f^ appropriati/e- rights/ 1 are:- (1 ) first In ' time, 
first,f fn right ;:for the watefs, and (2| subsequent appropriations cannot 
diminish the Qudntt^y jjjDr quality of a^iseniQp.' right. Usually, permits 
#re required to estabnsh 'the right to.?appropriative water, a^d the 
water thus appropriated must also be put to a Bfenefip'aJ use. • Right? to; 
apprDprTated water - are not cotinected^wjth lartdi owfier.ship.-'^^^ They .may be 
bought, sold, .exchanged, or t^nsfirred .whtflly.or^ inf part 126}. 



3 . 6 . T .3 Conibi nation R i gh ts 
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stat^Jv recognize a cofnbiriatiqri of .riparian and approprlative 
■Cffjghts. ^ This duaT-rightS :. system has developed in states that have" 
■ '>i|;ter-5hort '^^^^ watef^-surpl us areas^^/ thim • thei r ^ bordfers. Ln such 
: (?ises, -the appr opri ati ve t one L24J.. \ 



•3.6.1>4 Types of Waters 
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Fpr .1 egal \ purposes,; j^tates have ; diy i ded Waters* i nto • thr*ee tyjies: 
natural . watercourses, surface water,.- and percolatinfg^ ( groundwate^^^^ 
These M:lassifi cations aire arbi.trary; and ^ire noC based dn any scientttit 
or empi ricaj rati ng system but thei r deif initiorrt affect the typwpf 
legal problems that may be encountered in land treatment. 

: ■ •■■"■■•^ ■ ■ ' " ■ 

* 3.6. T. 4.1 . Natural WaterpoUrs^^^^ --''i -''r^' . ^ ■ 

;A : . natural ■ watercourse i s one i n Which w^ter 1^1 ovifsVii^^^^;de,^ ' charuiel . 
;^|||ier on or below the earth ^s^- surface/ This- ^d^^ lakes ; \ 

. .and: i ntenfii ttent as wel I. as^;perenifTfal streams '■" , " 

v.; / • ■ '.' * ':' v \ -'yv ■ . -V: 

The^- major legal prpblenV Nthat; could l)e expectp^d, in b«th ri^ V 
appr op ri ati ye states . wpul d - i nvol ve the ^i.^ei^s i on J of What W5!,S a di rect ■ . 
di schaV'ge with-, the subsequent ' reductionT-- tn:: f 1 ow ' to the natural 
Watbrcpursje. , If the watercourse: ih * question r is ^^^^^^ PveN< •* 

appropViatjon, junior water usets who feel thkt a> reduction in: flow may,^ 
^impai r their, reasohable use pf the ^water may seek; ad^^^^ 
judicial relief. / / . w • ' \; : ' *^ - V 

In a ripariart state, vthe diversion of 

original ly a pairt of a strearaj shoul d not ;be feause for legal^^^a^^^^ 
'doWnstream users under natural f\pw theory. ; ; v . ;' 

ifvoy^y ipprppri atiye v rightis; states; |t;hei rlsk^of 'l ega^^^ 
^djyers^i:on is ea^ , -to .analyze. ^li^f the cqgciiti'pns pf;<th^^^ 
such that the 'diversion would -thr^Siten the^^ oir quality of 

appropriated water, of a .downstream user, ' the damaged pafty has 'cause' for 
legal action ^Main^t the divertier. ' -f hfs action;nia^^^^ 
which the , di verter ^ is prevented ^frpm^^affeeti/rg the ;^di version, W 
monetary^,;J^^^ n wKich> the diVerter ^^woiild be i^ to compensate for - 
damages caused by >hise di versiPn.!' ■ If the/ stream irf- dispute is not . 
al rea;dy over- appropri ated • ( as -is . the case i n many wester n;- streams) j- or ' 
if the area M ' not water* short, jit. is unfikely ^hat;damages cpu 
proved as a, result of -^hfe diversipri. • • • > ^ 




/ 3.6. 1 .-4.2 Surface^ Water 



A surface water is the legal term for water not contained in a well- 
defined basin or channel , .e. , rainfall or snowmelt directly on a 
parcel of land. Such waters belong to the landowner, but he cannot' 
collect, and discharge them across adjoining properties without the 
consent of the owners of those lands. For surface water rights, there 
is 1 ittle difference between riparian and appropriatiye states. 



If any of the land treatment al tei'Katives being considered -tJ^' the 
planner or engineer requi re that, the renovated water cross another's 
property, the granting of a drainage cfr utility easement across the land' 
to the natural watercourse or final user is a necessity in all cases. 
The cost of such an easement must be considered in>... the cost- 
effectiveness analysis. , , , 




-J} 



3.6.1.4.3 Percolating Haters (GroH^JBI's). '^^r^^-'''^ 

Problems with water rights, could arise from' two areas: (1) the rise in 
groundwater (faused by ^/th;^^ land treatment method may damage adjoining 
lands«, or\th^re may ^.be' sojne .interference with the subsurface flow 
patterns; and' (2) if trac^ contaminants appear in wells of other water 
rights hoi d^r^s^. they may perceive a damage as a re,sult of altered water 
quality. ; •-r;^^^ - , ♦ 



-In riparian states, the claim of damages would require thatia landowner 
prove that . he overlies the same source of ' the .groundwater as tHe 

^owner/operator. .If the alleged, damages are not caused by negligent, 
operation 'of the treatment site; or in a way that is deliberately 

I harmful to the _ adjoining landowners, it is doubtful that they Jiave 

• sufficient cause "for legal action. ' 



For appropri.ative* theory states,^ the question- of an increase iri' the 
level or volume of a groundwater should cause no problems because no 
one's appropriative right would be threatened. ". 



3.6.1,5 Other Water Rights Considerations 



in some states, basin authorities or water/irrigation districts ha^ve^ 
regulations against ' the transfer of water- outside their jurisdictional 
boundaries. In the western states particularly, .the right to divert or 
use water does not carry with' it the right to store such water. ^ 



The right to ^ water salvaged from - imported water that has run. off 
irrigated lands is also not) automatic. The rights in both cases must be 
■specilica'Tiy 'Obtained or /ait least must be assured>4)y precedent legal. 



afetion. 



3.6.1.6 Sources of, 'information 



The data contained in this section.^rnay be ^^ufficjent for a small . system, 
but for larger . systems and in problem areas, the watermaster or water 
rights engineer at -the ;state or local level *^should be consulted. Some 
states either fiWe no records Sr carry unenforceable rights in their 
records L27], so that further investigatign will be (Necessary if doubt 
reiftains. An- excellent /Reference is tj^^^ National Wate^/Commission 
publication. A, Summary-Digest of State^'Water Laws available from the 
Commission L28]. Although sumnnries of ^precedent .rulings are not^ 
guarantees, they may clarify the situation if similar cases can be found 
L23, 24, 27, 29, 30]. Lastly, if problems arise, the, assistance of a. 
water rights attorney is warranted. 

- ' * • •■ ^ ■ . ■ 

3.6.1.7 Resolving W#ter Rights. Probfj^ffis 

To resolve water rights'^prob4ems, the planner s^ld first attempt to 
define tjie,. water rights setting that could affect the* fate of any 
renovated water and then be aware of the quantity and priority of all 
righrts in the district or basin. The nex^^ step is to define the water 
rights constraints for atl alternatives^^ Once- the candidate systems 
have been selected, the point of discharge, availability and quantity of 
discharge, and modifiwtions to existing practices should be examined, 
if problems are likely with any 'of the feasible alternatives, a water 
rights - attorney should be consulted to define more , closely the legal 
constraints on the alternatives and to define. the owner/operator' s 
rights and responsibilities. If the owner's rights to the renovated 
water can be established, he can now- trade those rights with any 
potentially damaged senior rights or use the revenues from sale of the 
water to ^f f set possible damage claims. ^ 

^ ' ' ■' 
3.6.2 Governmental Programs 

' ,,. ■■■■ ■:: ■ : '-^^ , ' , , 

The most important federal -programs that should be considered in land 
treatment, in addi tiorf to the EPA Gonstructiori Grants Program, are the 
SoU Conservation Service, Bureau of Reclamation, and U.S. Army Corps of 
Engineers w,ith their reclamation/irriMtidn programs being- of greatest 
interes^t.. However, .despite the 7)ational policy of .wastewater 
reclamation L31J and the National Water Commission's recommendation to 

. excharige. sewage effluent with potable water now being used for 
irrigation, previously subsidized water resources programs often result 
in suclii low water price's that renovated wastel^ter cannot be 

, compptitively marketed [27]. 
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In western states, . reclamation/irrigation/ projects are presently 
ipinariced by' interest-free loans to farmers or irrigation districts and 
can be repaid in 40«years with the first payment due 10 years from, 
project completion for a Btt year total payback period. • In eastern 
states, up to 50^ of the co'st of supplying irrigation water is borne by 
the federal government; the remainder is repaid over 40 years, at low 
irTterest (currently . around 5%)* L27].v 

In eases where, treated - wastewater reuse, and sale is desired, the 
potential markets for ^irrigatio.n 'sales arid' industrial cooling or process 
water should be evaluated. the irrigation reuse is not able to 

compete with existing federal prograirfs,- potential 'industrial users 
should be cpntacted. They may ^be interested because they are not 
eligible for^ federally subsidized water projects, and may be prevented 
from expanding or relocating because of a lack of usable water. v ' • . 

^" ■% ; ' * ■ • . ■ , . ■ ■ 

3.j5.3 Land Use > / 

■ ■ ■ • - ■ ^ ' ' . . . * . 

The planner should., be cognizant of" tlie ful.V spectrum of land uses in the 
study area. Kurther, he . mgst'^be aware 'of the communi ty; goal s and 
objectives expressed by . the ■ proposed^ dtstributiofi of land use in thei 
ar;^a's general plan. With this ^knowl edge, the planner xan develop the 
opportunities for land .^reatment sites that will heHp achieve these land 
use goals and objectives. Fur.tlrier, the' 'site location, type of system, 
and related facilities . can .^ be pi anned 'to -optimize conformance to> the 
: proposed environmental and social .setting. 

As a general guide, the type of land uses that are encountered are 
residential, •commercial, industrial, recrea4:ional , urban, open space, 
agricultural, wilderness., and' greenbel t preserj^es. In urban areas, 
residential, commercial, and industrial use's are the most difficult to^ 
develop compatible p-lans for, whereas recreational and urban open space 
uses are the .easiest. Agricultural ,, wilderness, and greenbelt preserve 
uses ar^ most easily ' .incorporated into land treatment site planning 
.L32J. .... 

• ' . ■ ■ ". . i( 

A variety of data sources may be used to evaluate present and plajinedv 
land* uses for the study area. Most city, county, and regional planning 
agencies bave land use plans that indicate present land use policy. 
Often, the plans for future land use are current, but actual land use, is 
out of date. In this case, satellite earth-imagery photographs may. be 
helpful. By using LANDSAT (Land Satellite) or ERTS (Earth Resources 
Technology Satellite) photographs, not only .present land uses but 'al so 3 
number of very useful physical phenomena, such as the extent of tra 
flood plain, location of unmapped faul ts, , and point sources If^ 
pollution, can often be determined [33 J. A1 though the techniques f&* 
photointerpretation are a subject' beyond the scope, of this manual tmjl^ 
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^color, false color infrarj^d, and color infrared prints of the study area 
'as obtained from the USGS, can provide valuable, up-to-date information 
t33J. \. . ^ 



When /completed, the Land Use Data and Analysis (LtlDA) Program of the 
USGS will be an invaluable planning tool. LUD'A will provide a 
comprehensive collection and analysis of land use and land cover data on 
a nationwide basis. ; Individual land use/cover maps wi-11 be released 
f ol lowj ng compi 1 ation. Periodi c revi si orvof. . t^^^^ i s planned.. 

Once- the land uses have been identified, the study area should be 
divided into population density areas for'comparison with the, land uses. 
The preferred sites tend to lie in areas that have the lowest population 
densities (5 persons per" acre or less) L32J. This will >have the. 
positive side effect of minimizing the number of relocations (with their 
attendant costs and legal problems) that may be reiquired. Those sites 
with the lowest population density and with (compatible land use Should 
be ranked high in the evaluation process for preliminary screening. 

The ioning for e^^ch candidate site should be checked. .Zoning laws are 
the means by which a community maintains local control over what kinds 
of land uses are allowed. They are also the means by which the tax 
assessment rates are set 134]. If a site appears to be excellent in all 
other respects but zoning confl icts e)^^st, use permits or waivers may be 
obtained through the agency having zoning authority. \^ 

' ■ " *" ■ ' »• 

•>»_■,• ^ 

In addition .to minimum population density, the size" of land parcels in 

tl'e study area will strongly affect the final .site selection. The 

f^est number of land parcels needed- to develop a site will result in 

the' ^eas\ number* of property acquisitions or' lease contracts and the 

/relocation of the least number of families; Assessors plats are the 

/usual source of this type of information. 

2-" — ^3.fA Environmental Setting 

Most public projects; require, an assessment of their impacts to the 
enytronmeat. Although the enyironmental impact statement (EIS) 
procedure is lengthy and described in numerous sources, , a brief 
description pf certain key topics is presented. 

- . ..■ ' ■ ■ . • ■■ 

' (S^ . ■ • •■' ' . 

3.6,4.1 ^getation and Wi'ldTife 

The important reiyation^hips are between the ecological communities^ 
: Once . these: are (defined as closely a*s possiblei the task of evaluating 
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hov». the oVerall ecosystem may adjust to project-created stress becomes 
easier to accomplish, and the results are easier to relate to declslon- 
makelrs L35]. . 

t " , ' . ■ ■ ■ •* ■ J ■ ' ' ' . 

If the Interrelationships of the various plant and animal ecosyst-erfls 
cannot be defined suffi<fiently to evaluate the stress, the^following 
Information, ^a minimum,, should be obtained: 

^The^habit&s of rare or endangered species L36] 

LpcatiOTSfflo^^ or rare Native ecological communities [36] 



• 
• 

• Preferred roytes of migratory animal S4or birds 




• 



Locations of ^/feeding, Ji/atering, nesting, and mating areas-- 
"eSpeclally^df thdse animals that have a low tolerance for 
human acti<?i'ty * 



" • Areas whosq^ecosys^ms - would be substantially altefed by; 
^ r periodical ly.Bpplied water or a raised groundwater table : ^ 

. : f Plant ycommuni ties with higl]^ water tolerance to the la 
treatment alternatives 

, ■ ■ • • <l . ! ■ 

Some of the *j|fieded' data liiay^be available in the community or regional 
l^d U6e or coi^ehen^ve pi ans. Other excellent sources are state fish 
^and *game depjo^^ the U.S. Bureau of Sports Fisheries and 

W^dlife. Colreges and universities usually have data on the flora and 
fauna ^ of a ' region in their biology and zoology departments. 
Conservation . groups, such as the Sierra Club, Audubon Society, Isaac 
WaJton League, and Ducks 'Unlimited, either have access to these data or 
know whVre they can be obtained. Many communities have a naturalist who 
has intimate knowledge of unrecorded data. If possible, these pepple 
sh^ould be - consulted before and' during the -definition' of the vegetation 
and wildlife setting. _ , : 

In the evaluation of the sites for the initial ^ind final screenings, 
vegetation arid wildlife considerations can be significant. Encroachment 
on the habitats of rare, endangered, or threatehed species could 
eliminate.; thy site from further, consideration. If an entire study area 
has beeriv-dekignated as a potential habitat^ a .fiel d survey is required 
for direct ,'pbservations by qullified biologists/zoologists. In the 
absence af Adirect^bservations, these professionals can usually render 
judgments On the possibility of the species b^eing found at the various 
sites. _ 
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3.6.4.2 Histdrical and Archae'oldgical Sites 
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Because land treatment . systems involve large a.reas of Und, the 
possibility of encountering an- historical or archaeological site within 
the; proj.ect study area rfiust be carefully considered. . Pursuant to the 
tiational Historic Pr€S6rv$tion Abt (PL 89-655) of 1966VLma^)y -states havtf 
begun programs, of ij2^entifyi,ng\historic or arcfTaeologic. features pro 

have also.^ developed^ purcl]^se and preservation 
' the plans are exciel lent sources of ^ data for 
theci^data. q^an 'be, foyl^id in local universities 
departments. Aid should be solicited from 
organizations y and their • 



striictures. Some i 
programs 137 ]r Rep 

.'TegiorBp. cons i deration! . 
or college history or ge 

.,the' ■ local hi's tori call 



i ndi v i du a1 membe r s 



^'chaeological 
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e is the 
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^^f f idurl t' fof . tjie ,prpj efrt 
factual ahd 
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t;he 'Economic 
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Mtl^^e.^^ £hie f jrs 
^G^rrsul^^Ji^^ :'ATso^= ^.^he , . 

al^^^ pJI anili^ f5*a\^ / general ly • 



'i^/v and' 1 OC C* ■ » ■ • i ^i jj^ujiwr;:^'!^^ I y ^-J^Z » ^fr ' y ^ ' »^ «' .« > I J 

m|.]^nd .use,.vT-ec/|'aitk^fMa|a>^^^ 
. - . ..^J^pest sQuracesV'vKbw^ 

|roup: ahd:-^'ttie?:&;^iplback obtkin&d at t'hev p^l^lrii^^^^ workshops 
and the' required.ipi^ t'35-,\'56/'3ffi: .39|v 4a|^ ,v ■}■ ■ • • 

red 



the prpximi ty of. . 
otatio'n may not be. 




reaction rtp 
Although 

^encouraged; and'. j3eqeptqy> ^ peofS e** are; 



efi tfrient: ■ and reu se of 
^Of^ranitnal^^^w^ 
irned' 'atbbut the 



apRlicatioru^^^^^ the Taijd; -^rT>hey gieheralflf^'.have mi sgi yings 

">ab6ut :p^^ rpubfiic h^'th, 'oddr/l^V^dijes^^^ 

problem's i\i#.%o!^!!neci^ xlth^lap tr.e*ifent/y6t. these ptfd.B^ms should 



notv^- an se - 
L34J^;. The 
•xise^Qf buf0r 



fee red. 



;odoi?i^potenti:aTv 



2^ . l^d 
J n a.wew-plannetdj^ well -en 
aesthietlc "feiFfects^e^n be -e^isaee^.. 
zones , trees j^ihrjifbsyk^^^ cJ 
*uhqo.ntrolTed'r|tow^^ 




aip^d weTl-man3|^ed system 
proper planning and the' 



per^ati 
^[riding 




trO minimize 
ter> 



The bthejp' aspect 'of: the public 'acc(f|pbi 1 i-ty eyaluation-i?reaction lo,.'^ 

■ ^w§^ the cOritempVatetf use; 0^^ 

ip' in 10 sou'thern Calif 6rni'a%^^ 
commiiWities indicates, that the publ f.c iPready for large-;scale^;r0u^ 
renovated ■ water . for -purpos'es that do not involve body contact* lisesv of i^^;^ 
fertftated water,. \In this same stucb', .governiiient/officiaVs:.wer.e sUjrvey^d 
nationally , and ^y rated, "publ-i c acc6ptabi 1 i ty" 1 Owe r than -tHe; general - 
public rated iiT in 12 Of the 13 potentiaT reuse Gategorieif .^^^^^^^^ 
official s !y^re.. general iy the'- most '• conservative of the four' igrioup^^^^ - 
s^Hey.ed Igen^^al publ.Tc, water resources experts;, industry 
gov^rnrilent. of fici.al s.) . "\THe\r'esu1 ts are summarized i n Figure 3r9 WtJi f'^*r 

J^h4s€\pol^' T&sunts should not be considered indicative:,of \the . 
acceptance that may be encountered el sewhere as .Southern G^al iforrtl^^^'^^^^ 
ha4 p'os,^tive ^experiences with wastewater reclamation. It was hotew61*t!Ry ^^V 
.that /Tocarl bfficiat^, who deal w\th' the public on/a daily feasisii^.^^^t^^^^^^ 




The- projecl \j p-l^at) n^r or eh'gfineer 's^hoUl d. real ii^e that- ji'fi 
and- wa.ter -renoyafipn is unknown in* th^' study eiVea tt ^^^^ 

Tic education 
pro||^e.d; and 

, „ _ . "SlPpublic 

advi sol^y , Ijoarcf %i ai i'H ¥he -"^acceptance 'ofis/the ; "i^n'd ^. treatment 
al tlrhAti ve's . Th^ : problem, of , '^represen*|(ti ve^^i^^^^^ 
.board ? is-, n^- • a ' new - onk/ A 'typl-c&T range" of ' i ritere^^fbr tile group 
- mi.ght*ihclude;th^-^wi_^.^^^^ ^ -^-yr ■^'y^g' . . \-. 

^F^jTTifers- 5:epres"e^in^ irrf§atid"n<^di^^r<(^^;!^r^','", 
. ■i^v , ' . ■. ^H^f ■' ■ '■ ■•'•^ 

Proparfy IwnfersJ^^^^^^ hiSve' a fiti^h pjDtenti;al- for system 



Ci viG grou^ interested^ n commUni.tj^, development // 
Denervation 




There are [^e^seS^ial ly twd-.typey', of .public participation programs 
reactive and 'participative.' : In feactivi prograii«it!,;-/the major events i|i 
the plarinirt^ -process, (e.g^., alternative sites ,for consideration") are 
presented to^tfe pfbli'c. mk reactions- to the information pres^ted'and 
the: remarks of the- participants are incopa^'ed ifto- the final screening 
and seVectibn'-piCOiJes^AAJ. /' ^ . 

Participative planning diff^r^J in^^the, i^umber of meetings and the 
alternative selectiorr'pr^<^s. A^niftber. of public hearing.s are held in 



ERIC 



•3-42 



FIGURE 3-9 ; . 
PUBLIC ACCEPTABILITY -OF RENOVATED WATER REUSE [42] 
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which the al ternativei:^ are presented, '^ind .. the advantages and 
disadviintages are listed. The next meeting presents any new 
alternatives or adv^ari^ges/disadvantages frbm the* previous meetings. 
Any rejected alternatfvesi>^are ^shown and the reasons for-their rejection 
are outlined. This, process is' repeated until a final selection is made-- 
L38]. The unique^nvolvemftpt^ of the public at all stages of the 
alternative devel.o^nt will generate more usefuV informed feedback arid 
public support L44| 

The* definition of the soci-al ^nd economic setting and the evaluation of 
public acceptance will be the result of working within the study area 
framework and constant interaction betwieen the parti(fipants. 




r3,7 Evaluation of Alternative Systems . 

The : number , of alternatives to be evaluated in detail will depend on.' 
factors 'specific yto each project, and may involve one/ or -iriore choices af 
the treatment process, ^the site locatipn/ or the recovery/reuse options 
for the renovated water. On the other hand, the .topography and . soil 
conditions Within a given project area may restrict land/treatme^^^^ to' 
one, feasible process, or a very limited 'number .q/ potentia;V.$ites*'may- be 
-avail-able. A careful preliminary investigation and scree^ning process is 
necessary to identify a number of alternatives^without sacrificing an. 
objective approach. V 1 

>or the purposes of this manual , the EPA Cost-effectiveness analysis 
procedures documented in 40 CFR 35, Appendix A, are Closely followed 

' L45J. These procedures must be used in selecting municipal .wastewater 
management systems submitted for construction grant funding under PL 92- 
500. For other planning ^ si tuations, ;the EPA document provides, a 

^ complete evaluation procedure that can be adapted to fit particular 
objectives. General references on engineering economic evaluations [46] 
apd benefit/cost analysisvin .\5fater. resources^ planning [47] carj provide 

'' additional baekgroufid flinfermatioh for methods' of evaluating' alteV^na- 
tiyes. The EPA priMjedures require ajr evaluation of both monetary and 




nonmonetary ^factor^^; Tf*;most cost-eff active alternative is described 
as fdllowis [45]: 

. . 

The most cost-MCecTive alternative- stiall be the waste treatment 
management system determined from the analysis to have the lowest 
. present worth / %id/or equ^^alen't annual value.withbut overriding 
adverse nonmonetary costs and to realize at. least identical mirtimum 
benefits in terms of applicable Federal , State, and local stafidards 
for effluent / quality, water quality, water reuse and/or land an^^ 
'subsurface disposal . ^ . % 

In the following sections*, both -monetary cost factors and nonmonetary 
aspects of land treatment systems are discussed. Detailed cost 



..^yaluation p/ocedures are not described^ but; itieirt^ds. of comparing 

VbveralV costs and nonmonetary factors for . I'^Kili^i^^ 
conventional systems are discussed. . 

/ 3.7.1 Cost Estimating ' - 



0- 



Factors that influence'' both capital and operation and maintenance costs 
are discussed in the following 'paragraphs. Only. a. few cost figures are 
actually j?j||ient€d, but rfeferences are made to specific souKces of cost 
information*'* ■;'|£cause,^ the cost effectiveness of 1 and * treatment is 
sensitive llnd cost,, a separate discussion for estimating this item 
is i ncl udectis^v^^^^ of .evaluat ing revenues and a discussion o,f 

tradeoffs tHat are/, tinique , ib lano^reatment cost analysis are also 



di scussed'. 



: 3.7.1.1 Capital Costs • / , • : 

tt; ■ ^( \ : ■ . '■ ■ , . ' ' ' ■ " ■ - - ' ' . . ' . 

C^urves -,f6r "capital- costs are available in Coks'of Wastewater Treatment 
by- Land Application [48]^ The .'Stage II curves are recommended in 
conducting cost estimates, j^lthou^tv the base date for these curves was 
February 1973, they, should' not be arbitrarily 'updated by conventional 
Cost indexes. 'A comparison of ynit' costs for key items, such as 
earthwork and continltous^move sprinkling equipment, may provide i more 
reasonable estimate of the increase' in current local prices oveV the 
p,rices. of February 1973 L49]. - ' ft; 

Components that mi ght be' .ysed . for , preappl i cati on treatment i n'cl ude 
primary sedimentatibjn and aerated lagoons. Their capital costs can-be 
determined..f-rom published. cost curves far. conventional treatment systems 
[50, "51], recent construction bid's, and current price quotations, as 
necessary. Additional cost estimating ?l4ta l\ave been published for 

.aerated lagoons begausethey are commonly used' in conjunttion with land 
treatment systems [-48; 52].; : Costs- should include sludge handling as 

,«ell, aS' liquid processing components. ^ } " \ 

A checklist of t'he items requiring a capital coSt estimate;is provided 
in Table 3-13. These should be completed for each alternative system.. 



Salvage, values at the ?end of the planning- period for structures and 
equipment" show] d > be' -based' 6n_ expected service life."*^ Appendix A of 40 
CFR J5 [45] specifies service, lives to be used in. Section 201 facilities 
planning (under .PL 92-500) as foil owVf '^ 

■ ■ - ■ ' ./ ' ' ■ ■' ■ s- ■ ■ ■ ^ , ^ ■ ■■■ 

■. r ' .Land : ^. , Permanent " , 

Structures, ' 30 to 50 > years -• 

■.V • ' ' Process' equipment V 15 to30years ^; . . ' *' 

. " Auxiliary equipmen't 10 to 15 years , • V 
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\.; ' ■■'.TABLE 3- ii . -. 

V CHECKLIST OF 'CAPITAL COSTS FOR ALTERNATIVE- 

LAND TREATMENT SYSTEMS [48] 



. . ■ ■. ■ . ■ — - ' - 

■ I. . ' ■ . ^ . 

Alternative No-..' ' • ' . . j' . / 
Type' of system 


Average. flow mgd 
Analvsis date . , 


• ■ - . total ■ '■ . Amortized 
, r ^ ^. . cost, $ , ' cost, $/yr3 


Preappl i cation treatmeqt ^ . 






...» ..... , ,' .V . . " • , \ • . ' 

Trahsmissfoifi . v" \ . • . 




c;torAnp", . Mgal ■ _^ _ 


Field preparfation 


. f 






Recovery . ' 

■ — - V . — " ' : . ' 1 


I- . ■ 


. ■'. . .* ■ ■ . / 




Additional \:o5ts . . , . - ' 

■•v'*-^ — — -^-^ — — ■ ■ '— — '■{':' . 












..SUBTOTAL 




Service and • * 
• interest factor at . ' . • 5S 


<" " I'. , ; 


. ; ^' . ^ . SUBTOTAL 




1 AnHb At • ^ ' . ' * /acre 






a. Check salvage values. Table 3-1/1 and preceding text. 

b. Section^3.7.1.3.* • i ' „ 


' . / ■ 



Additional guidelines- for service life Qf-irrigation "system comtionents 
are given in Table 3-H: ' ■ 



y . - . TABLE 3-14 

SUGGESTED SERVICE LIFE FOR COMPONENTS OF 
: AN IRRIGATION SYSTEM L53r V. 



. ■ . > ' •, ' ...... 

. , f . . . 1 ■ 
*<•,■. 






*' Servi CP 1 i fp 




Hours^ Years 


Well can casing ^ 


....... . 20 , 


Pump .plant housing* 


20 


Pump, turbine 

•■ -Bowl (about 502 of cost of pump unit) 
Columni etc. 


16,000 8- 
32,000 .16 


Pump, centrifugal 


■ le.ooo. 16' 


Power transmission 

Gear Head 
: V-bel^ 

Flat belt, rubber aridefabric/ ^ 
Flat belt, leather .;. . . \ 


, 30,000 ' ■• . 15 . 
6,000. 3 
10,a00 5 
20,dD0 10 



■ Power units • . . >/ 

. Electric motor • , 

Diesel engine , ^[ 
Gasol/ine or distillate 
Air' cooled . . ^ 

Water cooled V 
Propane engine ^ 

. Open farm ditches (pehnanenty.,. " ■ 
Concrete, structures .' . . ' 
Concrete pipe, systems 
Wood flumes ■ .■ - '. ■* 

Pipe, ^urfqce, gated 
Pipe,. water, works class * 
Pipe, steel coated, underground 
Pipe,- aluminum, sprinkler use . , 
Pipe, steel , coated, surface.use only 
Pipe, steel galvarvTied, surface '^on^y 
Pipe, wood buried > '* ■ 

Sprinkler hfeads - , t .» 
Solid set sprinkler system ' 
.Cefiter 'pivo-t sprinkler system 
Side roll traveling system 
Traivel ing'gun'isprinkler s^tem 

".Traveling gun hose system^. • * . 
Land ■ grading^ j * ' _ 
Reservoirs^ -• 



50,000 . 
28,000. ^ 

< ' •i' ■ 
. 8,0dfl - 
. 18,000;^' 
28,000, .1, 



25 - 

14 ; 

4 

H 

■ .20 

20';^ 

;.8 ■ 

.10 V" ■ 

*40 ,^ 
.20 ^ 

15. 

10" 

16 

20 , 
10-14 
■15-20 

,N!bne ' 
Nbfte ■ 



a.* 



b. 



Certain irrigation equipment may have a l4ser life 
when used in a wastewater treatment systenl. 

The^e »30urs may be used f^or j'ear-round operation.' 
Jhe comparable period in T^ars was based on a 
seasonal use of .2 000 h/yr. ' . ■ ; • . ' 

Som^ sources depreciate land level i ng i n 7 to 15" 
years. However, .if proper, annual maintenance ts 
practice;!, figure only interest On the l^vel i/ig 
costs. Use interest on capital investfed'.in wa.ter^•^'' 
right.purchase. ■ . ^ '^V '■ ' 

Except where silting from watershed aboveiwiU fi'^J 
reservoir in an estimated period of years . 



'3.7J-2 Annual Operation afhd.Maint^nanciE^ Costs : 'yy: [ 

Operation and maintenance, costs include labor,. materials and suppVies, 
and power costsV They may ' constant for th'e'pla[hning/pei?iod ^ 
ttiough man:jf; of 'the costs will viry thrpughout^the period,; parti qui arjy 
those which ■ ar^e' flow-dependent,' /suc+i as pbwer^ 

piAnping, arid* .chemical . costs. :^ liP :flbws^; at^^^^^^^ ; 
substantial ly during ; the planning "^^er^ibdi: v and * 

maintenance costs should be analyzed on a year^by-year basis (life-cycle 
cost) or^ by reducing theAotaV future. value;:of the incre 
costs to an equivalent annuity amountvi, • " / . 

Preapplication treatment, will require operation 4ln(d maintenance lab6r,j) 
materials, including chemicals, and powqr costs. These^ costs can- be 
detennined frotjiv- cost estimating sources- -Ipr conventional treatment 
processes. [50, 51 54]. Additional opef^atibn cost da^ta on aerated 
lagobns can' be obtained from other sources .148].. Operation and 
maintenance costs for the remaining categorils cari be Jound in reference. 
[48]. . A checklist has also been prepared, .for operatibn and maintenance / 
cost estimating purposes and is shown in. Table 3-15. v " ^ 



. ^3.7.1 .3 Land Costs' • * 

3.7:1.3.1 Fee-Simple Purchase \ ^ 

•■'->« • . ■ ' ■ ^. ' ■ ■ " ,■ - ' ' < . ■ ■ . ■. . 

. The ]ahd category includes' th"^ cost of acquiring land for application 
sites, buffer zones, service, roads, storage reservoirs, pr6applicatioi1' 
treatment facilities, administrative and. laboratory buil di.ngs^ and other 
miscellaneous facilities.^ Easements for transmission pipelines may also 
be^inclu4ed ill thi> category. ' -^^ . 

• ■■ .r; ■ ■■ 7 ■ . >■ ■ . " ■ • 

land, f jQr : preapplication /treatment 'fadi>j|ties and other permanent 
structures is usually pur^chased. outright / if it is not already under ^ 
cpntrm ■' of the vastewater management agency. Several option^ are 
poteTWially- available for acquisition or* control of IheTand.used for 
the ^treatment process* T\f>ese include outright purchase (fee-simple .. 
acquisition), Oong-ter(& lease ^r easement, ^and purchase wi th Veaseback^^ 

'of thV land witt^ no, direct invbl^ in the management of the land. A*^ 
separartp ''optiOT pf si niply negotiating ,tontracts with private landowners 
to sGl.ll'or deVlyer V^gsjtewa.ter for appl i cation 'wou:Vb* elf mi liatfe land 

.acquisition as capital cost. ' According to a recent .survey^ fee^simple/ 
'land: 'acquisition is pr by most states, commi^n-j^ies, and federal ^ 

^ agenciesx>L5S].: v / : " . . - ' ' * V ' ^ 

••Purchase of thef . 130(1. , '|)r:0v1des^- the .jtigtiest 0'9r£a of control over the 
appVlcatioh Is^tes and ensures uninteifrijyted land, avai labile 



-TABLE ■■3-15' ^y/-:'-\ \ 

CHECKLIST 'O^ ANNUAL okRATION AND MAINTENANCE XOST^'^^^S^^ ' - ''i' 
■ FOR ALTERNATJVE^ LAND TREATMENT SYSTEMS [48] v;" . •'' ■ v \ 



iilterna'tlve No. 
Type of system 



• Average fJow> ; . v ' Mc^^lVd 
.Analysis da ^--, ?■^ r • 



Annual. cost i $ 



Labor .;; ;^^Power . ; Materi^J 'Total 



Preappli cation trjeatrnent ' 



Transmis>sion. 



flStorage 



,: iJistribution - 



r.- 
R^coVery 



Mgal ■ 



. Additional costs 
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■Revenues 



Lond leas'e 



■ 'r ■ - , ■ 

a.. Sectibn 3.7.1 .4. 



0^ 



SUBTOTAL 



TOTAL 



1 ; 



short- term and 1 ong- term' pi anriiY>b. " . i n iii.afl/ : oases , FrurchasVwi Tl be mqre 
economical- than leasing or basements. Sfe this option, land' stcqui si tion ' 
is tre.ated as a Simple, capital erxpenditiiPp;^^^^ •>".' «■ . " - . 



Pdr' projects eTigible for, PL' 92-500,.cons.truction grant funding, -purchase: • 
pf^ land to be used as , an integral' part of ^the treatment- prctdfess is 



3t49 , 



dligfble. Purchase and leaseback of land forvagri cultural or pthejc use 
•involving application of wastewater 'would require an initial capital 
expenditure and annual /revenues, or J)egativ,e operation ctfsts, as 
discussed in a later section.- , . ' ' • ■ 

Assuming that land is purchased, the capital cost- Is determined simply 
by multiplying the total area reqyi red by the prevail ingv market ^alue. 
Methods of estimating the totals area required have been discussed in 
Section '3.3. Because 'the final ..alternatives' usually, include specific 
Sites, ^he prevailing market value can be estimatadtfrom information 
supplied'by a local source, such as the tax assessor' s office-. In a few 
cases, the. was^tewater management 'agency may already control sufficient 
land and acquisition is therefore e-liminated as. a capital)cost factor. 

The costs of relocating residences and other buildings must be. included 
_j;n -1:he^ estimate of initial costs and are highly ,dependen.t on the 
location. Agencies such as the .U.S, AriT\y Corps of Engineer's, U.S. 
Bureau of Reclamation, and state highway ..departmentsllijjj -assist in the 
estimates. For federally funded projects, the acquisition of land and 
relocation of residents must be conducted in accordance with the Uniform 
Relocation Assistance and Land Acquisition Policies Act of 1970. In^ne 
case, re>ota^tion' costs for mSving approximately 200 familes averaied 
about $5 000 per^ family, plus about- $300 000 for administr;ation of " 
program [42]. " ' . 

EPA guidelines require that the salvage value of land be assumed equal 
to the initial purchase price. Land values may, in fact, appreciate 
considerably during the planning period-, particularly, if relativfel:^ 
uncleve.loped land is purchased initially-. 




3. 7. -1.3. .2 Leasing 



The' cost of leasing land .for application purposes is included as aji 
operation QOst for those alternatives in which fee-simple acquisition is 
not a viable' or an economic option. .However, long-term leases, are 
eligible for PL 92-500 construction grant financing, if they -can be 
shown' to be more cost-effective. 

. ■ ■ . • ■ :j' ' ' 

It has been estimated that leasing/easement's will be cost-effective only 
for- several ' hundred projects nationwide. Most of these projects would 
be in arid or semiarjd areas where effluent has. a high value and land 
has a low value. In these areas, some landowners may be willing to 
either pay for wastewater effluents, accept wastewater effluents free of 
charge, or make leasing arrangements at a nominal charge, Jo. be 
eligible for gr'ant .funding, the lease or easement shoul d include the 
conditions shown in Table 3-16. 



• , ' • TABLE 3-16 

^ REQUIREMENTS FOR LAND- LEASING FOR PL 92-500 GRANT FUI^DING [56] 

# Limit the purpose of the Teasfe or easement to land appl1cat*ion and activities . 
incident to. land application. ^ i * ; 

• Describe expl/icitly the property use desii'ed. 

Waive the landowner '^Vight to restoration of the property at the ternri nation 
of the leafie/easemertt. ' ' - 



Recogniz/ng the serious risk of premature lease terminat'ion, provide for full 
recovery of damages by the grantee in such an event with recovery of the pa^id 
federiar share or, alternatively, retention of ttte federal share to be used j 
solely for the eligible cost^-of the expanstl^ or modification the treatment 
worksf associated with the project. The damacfej would include the difference 
between the. total jpresent worth of treatmentlKrks changes resalting from ■ ^ 
premature termination and thekosts resulting frorrt expiration of the lease. 
The dam^jes would alsb include any additional- losses or costs due to unplanned 
disruption of wastewater tre^ftment. ^ 

Prov.ide fer payment -of the lease/easement in a }ump/m for the full value of 
the entire term. . " . ' ' 

Provide for leases/easements for a minimum qf twenty* (20) years,' or the useful 
life of the treatment p-lant, whichever is longer ,>ith an option of renewal for 
an additional term, as deemed appropriate. } 



\ 



" 3.7.1 .4 Revenues ' ' . - : 

: . ■ . ^^>.- ■ '/^\\\ ■ . ■ .' ■-■ : 

Revenues" can ^accrue from crop sales, sale of renovated water, "sale of 
-treated effluent for Jand application, or^ leaseback of purchased land 
for farming or other purposes.. In the evaluation .arid comparison of 
alternatives,^ revenue. estimates can be viewed aS offsetting or negative 
annual costs, bi/t with a higher, degree -of uncerfeinty than with 
estimating capital and operating costs. Crop cetiirns "may be anticipat.ed' 
from slow rate, processes in which the wasJteWater management agency 
controls the land and manages the fanning, while overland flow and rapid 
infiltration ^ processes genet^ally will not produce significant croj) 
revenues. In either case, ' reveniies cart' be expected to offset only a 
portion of the total- operating qost.' Prevailing market values for crops 
. can- usually be obtained, from state gnivjersity cooperative extension 
services, but yield estimates must.be made for the proposed conditions 
^of application. ■ These . estimates are preliminary and lean be based on 
v<ypical yields for- the local area. In a /few cases, howeveri 
optimization of propoised appl icatit)n- rates_^ased on crop yield, 
revenues, and costs , may be investigated'^^ing the development of 
alternatives. Economic models for such a procedure, have been published 
. t57, 58]. I ' . ^ 

Relatively little information ^on crop ,, revenues • is available froflr 
agencies that actually manage their own farming operations^ The most 



wijiely. •t'eported, operation is the one at Muskegon, Michigan (Section 
7.6). "' b.uring 1975, the first full year of operatipn, total crop 
revenues "^mounted to about: 44% of the total operating expenses, 
including a farming management contract fee L59]. The. revenues 
increased an estimated 60% in, 1976. The farm operated by Sa,r\ Angelo, • 
Texas, where slow fate;aF^^^^ used (Section .7.5), 

is also reported-. tc be profitable.. 

For alternatives that propose purchase of land by the Wastewater agency 
and subsequentleaseback to farmers with an agreement to Use wastewater 
for application, a second source af income, is .the estimated lease 
payment. . In Bakersfield, California, this typ5 o'f arrangement brings, 
revenues to the -city \hat - are approximately 20% of total treatment 
operating expenses L60j. j; • ; ^ 

Another major source' of incomd"' may .be- the if<enovate'd water recovered from, 
land treatment systems, particularly runoff from ftvprland flow systems, 
or pumped V withdrawal following : rapid infiltratiop systems. Possible- 
markets f/r the renov'ated water^must be investigated on a case-by-case 
basis. Methods, of assessing the relative value of renov.ated wastewater 
for vair'i'ous uses and' levels of effluent quality are discussed in 
reference L61J. Potential reuse categories and possible -user costs that 
would/ have to be bocne "as a result of using renovated wastewater gather ' 
than' normal supplieS^^re discussed in a separate study L62J. ; • 

■ ' .• ■ " ■ ' ' ■ ■ '•>'. ■ . ■ ■ ■■ ' 
'For some projeets, the quality and quantity of renovated water from all 

alternatives . may not be", sufficiently - ditferent to affect the 

■ marketability' of the effluent. For those -situations, revenues fi^om the 
sale' of renovated water may not 'be a meanir\^ful. evaluative .factor for 
comparison purposes. " • \ - • 

•■ . " ■ ■■• - ■ ■ ■ ■ • ..' . ■ ■■ ^ ■ ' ; 

■ ■ ^ ■ ■ ■ , - ■ . ■ ■ ■ • 

3.7.1.5 Cost Tradeoffs . ; 

/fhere are many considerations that can improve the cost-effectivenessjof 
^ alternative without changing overall treatment performance, Some.;Of 
the,-' more important, tradeoffs that should be considered in ana/lyzmg the 
alterrtatives are summarized in Table 3-17. ■ '( 

; , 3. 7.-2^JionmOnetary Considerations _ •' . " , 

. ; ■. '' •» . • ■ . : ■■ ■ ■ . , . 

To complete the eost-effecti^ analysis as previously, defined, a 
of nonmonetary factors should be evaluated for each. alternative. _ 

■ evaluation .also serves as a tiasis for unavoidable, adverse impacts of itne 
selected "pla/i and for outlining mitigation measures for these impacts. 
■Nonmonetary factors, as listed in Table 3.-18, may be divided into four 
categories: - (1)' treatment performance and rel iabil ity, (2) envi ronmen- 

•.;.Aal , impacts, l3.|,-resource, commitments, ..and (4) implementation and legal 
'/cons'train.ts... ' ■. ■ ' " • 




TABLf 3-17 



COST TRADEOFF' CdNSIDgaATIO'NS : FOR 
LAMD TREATMENT-'SYSTEMS^ * :V 



Option A 



/ vert us 



,Opt ion B. 



Land leveling for surface flooding 

Cash crop revenues and operating costs 

High drawdown rates from storage 
requiring high vofume. pumps 
. {mi nimizes^torage volume) 

• Existing vegetation 



• . Double. crfl)ping 

• One 8 hour daily shift, no weekend 
application {requires Urger 
pumps » pipes) 

• Automatic systems'.fhigh cdpUal) 



■'-Sprfrfkler' systems^ ■ * . 

Forage and cover {requires less land) 

Ipw.dradown i"ates requjring inaller 
. pumps and distribution facilities 
(requires more land) . ' ' . 

Land preparation for high-nitroqen, . 
uptalce vegetation ♦ 

Perennial crops 

Round-the-clock and weekend oper^lrtoil 
{higher operating cost) \, 

Nonautomatic. systems {hig'h 9p6ratf0n * 
and maintenance) ' , - ' 



l!??*;!? intended to show seme of the more obvious option^ Many other 
possibilities will arise in the alternative develojiment proc$s'/ 



, \ TABLt 3-l'8, 

• . ■*' . "■ ■ ... 

. NONMONETARY FACTOJIS FOR 
. EVALUATION 01; ALTERfj;\TIVES"' 



V. Treatment perforfmance and r^-li ability 



■• A^)ility to meet ef?f1uent qu\lity^water cftja'lity goals 
• Process jf-elia^bili'ty and control * / 
Process flexibility,- / 

Environmental impacts ^ . j . 

ArchaeologicaT-i historical* geological^^.ites^ 



Plant and animal cormiunlties 
-Surface and groundwaters 

Soils 

Air quality anrf odors 
Noise "^n? traffic 
■Pubi^li^t health ^ /\ 



• land, use 

• Sociiil issues » ' 

t-^ - 

• Economic issues 

• Secontjary {induced-growth)- effects 

3. Resource coimiitments 

• Land . . . ' . 

• Energy ./ 

• Chemicals; ■ , 

4.. Implementation a nd\le gal ^constraints 

• Implementation authority 

• Water rights'^ ' 

' t' Existing regula^tions and plans 



table'3-18 can serve>'*as a eomprehens"ive. gtiidelfne ,for\ cornparingi . 
'al-ternatives", but it must be recognized- that each planning situation is. 
••iimqiie. Some- factor? ..may b6 r*elative-Ty .insignificant/iri qne situation, : - 
while others may be- 'critical, 'I 'The approach used Jtd^mpare each. factor • 
! f or \fat:iou.s- alternatives may be selected by the/^anner/engineer ,or may 
, be; dictated by •.r,fequirementsJ of t4ie, study.y^For example, "the Urban . 
' Stutlies Program specifically discourages '.the. osfe of numerical ratings in 
.the Impact Assessment and Evaluatibp Appendtx of its reportV^[35J. The 
'planner/engineer m'us.t 'be awa»^e of. particular requirements ^r evaluatihg , 
environmental, or '^tlier factors .for sT specific type of project. • 

' . • ■ " /- . • ■ ■■ ■ . 1. ' ■ ■ ■ 

, v3,:7.^2.lWr . '•>'• 

* Alternatives tha^^ not capable .of meeting minimum .effluent' quality 6r ' 
water quality/ Qriteria, arid, tho^e th^t.prdyiae'sVgnifi^intly higher, * 
quality. but at unacceptable cost, will normally be eliminate)! during the 
>relimiriary scrfe6riing, process. Thus, \ the expected effluent; quality from * 

/all ..>lterna*tives. rfiay be relatively similar -and. may not provide a basis . 
» -for cdmparisd'n. However, there a/e some differenceis in effluent gtiality^^ 
' from* " the varlous.land tre'htment jprpcesses; as. poi.nted out in Chapter 2. 
These.; differences should be / noted when two or ^riiore proces&es* of land 
treatment are being, compared. ' ftiere may also be di.fferencesV in 
performance when ; conventional and.* land' treatment al t'ernati yes are . 
compared. * *Por example, a comparison pf- e^ipected effluent quality from . 
two, conventional %y'sten1s,. three-' land treatment systems; anji ' four* \ 

advanced wastewater * treatment systems presented in Table -3-19. ' '/ 

» • ■ ■ ■ • . ■ ' ■ • ' . •. 

Well -. 'plariried and. ..operated - land treatment systems are reliable L64J.. 
Factors that affect tlie reHability of land'tr^atment' systems include 
clima,tiic:/^cmditions, natural disasters, 'and equipment- breakdown. Future 

• resource ayailabirity -should also ^pe ■ eH^ajuated, : parti cu'larTy, >whpl 
/<ompartn5 land tre'atment systems w!ith '*'Systen)^\that. consume a higher v. 

quantity of power and/or chemicals. * -' y. ' i \ * '^/^ * 

■ ■ . .-'-^ • ■ '/ ■ • " ■ ■ 

. The 'flexibility ^of^^ any .tr6atment system,**an^-a^-l 4ts' pmponents-, ^to / 
adapt to changing conditions should be* ev.alliatedi .Conjdi^^ons that might- 
change include effTuen,t qual,iiy 'standardsr'wasteWjier fcharvacteristics^, 
growth . rate^br growth beyond .t'H|e pi anni ng p^io(i,^..?ur,rout!4i ng 1 and use:^ 
and technological advances.' ^ 'Of particular concern ir>n and treatment 
' systems is .the future avai.Vabiii ty,.of l/and^» Prudent 'design will 'avoid 
'Situations' bii which no land 'is^ avail am'W for future expansion. ■ ' 



3.7v2,2, Environmental Impacts 




Information on char'acterizin'g \>^aribus Vaspe'cts of the environm*ental 
setting was presented in Section 3.6. With this background;, the primary 
an.d secondary impacts of -each of the» al ternative pTans may h& assessed. 



- COMPARISON OF EFFLUEMT tjUALlTY FCiR " r 
••• 'CONVENTIONAL, LAND TREATMENT, AND • " • 
ADVANCED WASTEWATER TREATMENT SYSTEMS'/E63] 



- System 



Effluent constituent, mg/L» - ' 
BOD -SS NH3-N- NOa-^fl JotH) N . P. 



;eoriventional ,J:reatinent 

Aera-ted "lagopri- / , 
Activated sludge" 

Land treatment 
Slow -rate 

.Overland flow v 
Rap4'd infiltration^, . 

Advanced 'wastewater 
treatihept* ' ' 

f • 

■4 ■ ■.. 



35 
20 



1 

5", 
■5. 



•12 
.T5- 

5, 
'S 



'40 
25 



1 
5 

' 1 



15* 
16, 
V 5 

■ 5 . 



■10 
20 



0.5 
0.5 



•1 
26" 



20 

10: 



.2,5 
.2.5 
10 ■ 



29 

^io" 



JO 
30 



,3 
3 
10 



30 

30 
3 



0.1 

5 

2 



0.5 
0.5 



The advanced wastewater treatment systems are as follows: 

1 = biological .nUrification \ 

2 " biological nitrlfication-denitrlflcatlon 

3 » tertiary, twcf-stage lime- coagulation. 

and filtration, ° • 

4 - tfiMiaT-y, ^two-stage linie coagulation^ filtration, 

and selective ion exchange. ^ • 



. • ■ * . ' . 

;*3.7.2.3.' Resource Conimitmet^ts 

'TV.,''.' . , ■ ■ 



-The use and c'oriservati'bn of r^sou^e^Sfland, eriergy, and chemicals- -will 
be Indirectly included in the cost analysis, 'but the noneconomic impacts 
.^o^ld.be evaluated as well. The. amount of land- committed to -wastewater 
treatment ,an(J renovation will be larger -for lands treatment systems than 
.for ■ conventional treatment systems. The .extent to which this is 
negative or positive impact /fnvolves evaluation of -several faa^ors 
discussed in the preceding section, including project land u&e, and 
sopiaV ^and economic issues. It must be recognized that the use of the 
land- 1s\necessarily a iong-term commitment. However, the land used'for 
an application site is not destroyed or irrevocably altered, 
operations cease, it again becomes available' for other land uses. 



' When 



Energy requirements "should be compared i ndependeatly of the -cost 
analysis. Land treatment energy requirements will "depend signi'ficantly 
on the distance and elevatior\ required. for'tranjmisSion, as well'as on 
other pLimp'i ng requirements. Conventional or advanced Wastewater 



■'■.V: 



treatment ftrcfcesses - may^ require, relat5velyi liigh;.energy',lnputs^ 4n.part 
becaujse^ of tfiV energy! required for additional sl2dge handliijg.and 
^fspasal. Relative- -cpmparisons bf . energy, reqai rements . for' a number of, 
treilment'nrategles have been published [^^^^ MJ. , • 

Xhemrcal • requirertieats ; sftould^i be^N^vil.^ ppirtiariiy on'the basis of 
future Uvai.l^^ibility which^, will' deperid', in'^part,' on the location of the 
project^' If' .disinfection ^ supRi^ental - fertilization is needed. 
Chemicals may :be needed / for av l"an\^reatment system. In advanced 
, l^astewater;' tre5itine;nt,;.;ih(§re are many .;a'dditTt)tf^^ tftat reqaire 

"" nicals. Land treatment- alternatives invol^nn^'^^^^^ arvj 



harvesting" *^of crops -can. be viewed; as conserving, nutrients,, whereas most 
advanced was'tewater* treatment^ methods^ for. niTtrientTemoval tie-up b 
Ireie'ase nutrients ^in a relatively unusable form, . 

.a"'^ - ^' " •• ■ ' < "■ • - '• • • • 

^, . 3.7.3 Plan Selection ' ' . r ' . . ^ 

The. approach/ tefcen ' 'to summaHze "anA preisent the result^' of the 
''evalu^ition wil t depend; on the speciAc planning situation. . Monetary' 
costs 'for each* alternative; should be,' Jxpre^ on the basis of totat 
present worth or equivalent ^annual cost.' NQnmonetary/factors should bis 
pVesentejJ ' on a numerical scale or expressed in-qualitat'ive .terms. To 
the.rgreatest ^ex^tent possible, the summary should petrmit^comgari son of 
''land', treatment, and* conventional -treatment sHtem$ on' aiv equi val ent ^ 
"basis. > , • ' V- ' " • v' ' - - ■ ^• 

-■ v ^ ••• '■-'-.'^••'.^ 

the actual selectioa ; pro'ceis n(ay 'involve the wastewater *n^nagement 
agency, the engineer/planner, technical or pntech/iical advisory gi^oqjps^,.* 
input, from citizens or special interest groups,^ and otjier interested'^ 
gpv'ernmental ' bodies. ' The ^ seTected alternative, is the most ■ cost 
effective,, reliably meets -all' Water qiraltty^ goals, and does n^t ha,ve «j 
overriding' Nonmonetary - impacts.' v • ^ . 

Once a^ plan has been ^selected tentatively^ tlie finaV 'step 'should J>e to 
a^ddr^ss /any lrdy.^rse Mmpac'ts associated with Hh6V plan that are 
unavoidable. Mitigating, measures should be •outlined, to. ensjure at the ' 
' planning stage that such Jmpacts, can be -miniiTiiz^^^^^ 
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CHAPTER 4 
FIELD INVESTIGATIONS 



4.1 Introduction 



•■■ .. „.. ■ . . , . . ■ ■ ^ ■.. V- 

Tt)e primary infpnnation for a specific site can usually be found in a 
U.S.DA-SCS county soil survey. Detailed field investigation's are often 

. needed, however, to assess the suitability of a site for land treatment, 
the intent of -this chapter is to outline those tests normally .conducted 
for each type of 1 and' treatment process, the reasons for theip use, and 

, the conclusions that cah be reached from the results. The procedures 
for conducting these tes^^fre discussed, elsewhere: infi Iteration, 
perSneability, and a^trfT5l^®?sts . ;are discussed in Appendix G; and 
physical and chemical soil -tests are discussed in Appendi)} F. the 

•significance of various wastewater characteristics to land* treatment is 

\also presented. The- field tests^normally: associated with land treatment 
processes are summarized'in Table 4-1 . / 



TABLE 4-1 



'SUMMARY OF FIELD TESTS FO^ LAND TREATMENT PROCESSES 



'Processes 



Properti.es 



Slow ra^e^-fSK) 



•Rapid • , 
infiltifatlon (RI) 



'Overland 
flow (OF)' 



Wastewater 
constituents 

Soil physical 
•properties . 

Sbil hydraulic 
properties 



Soil chemical 
properties 



Nitrogen, phosphorus, 
SAR^, ECa, boron . 

Depth of profile^" 
texture *;and -structur*e 

Infiltration rate 

Subsurface 
^permeability 

Aquifer tests 
(optiona?) 

. pH, (^EC, exchange- 
cations {% of CEC),' 
ECa, metal s^, 
phosphojrus adsorp- 
tion (optional ) 



BOD,. SSi nitrogen, 
phosphorus ' - 



BOD, SS, nitrogen, 
phosphorus*^- . ♦ 



tfepth.of, profile . Depth of profile 
Texture and structure Texture and structure 



Infiltration rate 

Subsurface 
permeability 

AqulferJ.tes'ts ;* 



,pH, CEC, phosphorus 
adsorption 



- Infiltration rate 



pH, CEC, exchange- 
ablje^ cations (Jt of CEC) 



a. . May be applicable to arid and semiarid areas."^ . 

b. Background 'levels of metal s such as cadmium, copper, or zinc In the 
^ soil, should be determined If food chain crops are planned. 



4.2 Wast€fwater Characteristics 



The wastewater constituents to be/charaoferized for the various land 
treatnfeht processes will vary with the climate and the discharge quality 
-r'equirements. For example, for si owVate systems in humid areas the 
- sodium adsorption ratio (SAR) and electncail conductivity (EC) will be 
less important than ibey are in artd. atreas* The discharge -quality 
requirements' for surface water will be provided in the discharge permit. 
The discharge quality requirements'" for groundwater can include nitrate 
nitrogen and trace elements, as presented in Section 5.1.1. 



For xonstitu^ts such as^ BOD, suspended - solids, nitrogen, and 
phosphorus, the- concentrations are used to compute the loading rates. 
These rates can be compared to soil treatment mecham^ms as discussed in 
Section 5.1. For trace elements, the allowable \loadings are also 
discussed in ► Section 5.1. For .inorganic constituents^of^portance to 
slow rate systems, guidelines are presented in Table 4-2.. 

4.3 Soil Physical and Hydraulic Properties • 

The^ physical and hydraulic properties of soils are interrelatedv For 
example, a major reason for establishing the depth of the prof.ilgVand 
the texture and structured s -to determine the hydraulic capacity. Depth ' 
of the. soil prbfilev.:.above bedrock ^ is also important in assessing*A 
wastewater renovatipfr" (slow rate and rapid infiltration processes) and 
in as;sessihg practical limits on earth moving. Interpretation of soil . 
physical and hydraulic properties i^s presented in Table 4-3. / 

4.4 Sol^ vChemi<:al Properties- 

H • • ■ • ^ *r • ■ ' ' 

Chemical' properties' are of importance in^ assessing, (1); potential 
treatment efficiency for infiltration systems^, (2) need for soil 
.amendments-, and (3) baseline levels of any constituents expected tQ_ 
accumulate in the profile. and xause long-term problems. 

Both chemical and biological treatment mech^anisms are affected by soil 
pH. Chemical remov&l n)echanisms for phosphorus change with pH (Appen- 
dix B). Biological activity i s reduced as the pH drops below about 5. 
The effectV on plants are presented in Table 4-4. ; ^ 

The cation exchange capacity (CEC) is a measurable indicator-of the; 
potential adsarption capacity for trace elements. The percentage of the 
CEC occupied by exchangeable sodium <ESP) is important to jnaintenance' of 
soil permeability. ^ ' ^ ■ ' ' 



TABLE 4-e 



RELATIONSHIP X)F POTENTIAL PROBLEMS TO CONCENTRATIONS OF. 
. MAJOR INORGAN,IC CONSTITUENTS IN . IRRIGATION WATET^ 
■ FOR- ARjfSf. -AND SEMIARID CLIMATES [1 ] 











IP • 


■» no pruD IClTl 


•Increasing 

r\ i^n K 1 0 mc 
pruD 1 Cjub 


Co \ia t^o 
JC Vc J C 


Call ni t-ua ^ ^ 








QTi i-rr 1 yd L 1 uii wa^cr f iiDiiiiub/ uiii 




n TR^'^ n 


s'^ n 

•'O . u 


rcrmcaUl I itjr 


tf 






EC of irrigation water, mmhos/cm . 
SAR (sodium adsorption rati©)" 


>0.5 . 


<0.5 


\<0.2. 


. <6.0v 


6.0-9.0" 


>9.0 


^Specific ion toxicity^^ 








■ From root absorption 








Sodium (evaluate by SAR J 


<3 W 


. 3.0-9.0 


>9.0 ' 


Chloride, meq/L' - 
• Lnionae, mg/L . ' 


^ <4" 

< 1 *♦£ 


^ 4.0-10 


>10 

>0D0 


Boron, mg/L ^ 


<0.5 " 


' 0.5-2.0 


/2. 0-10.0 


From foliar absorption (sprinklers)^ 




>69 \ ■ 




Sodium, mea/L 
Sodium, ^mp/L / 


-<3.0 . 
<69- 




Chloride, meq/L 1 
Chloride, mg/L . ' 


;<3.o 

<106 : ■ 


■ >3.0\ 
>106l 




Mi'scelianefcus^ ^ 








. HCO3, ijj^q/L : ; ■ ■ ' 
HCO3, mg/L 


<1.5 
<90 


1.5-8.5 
^0-520 


>8.5,./ 
>520 ' 


PH . ^ ■ V / , 


Normal - 


raftge « 6.5-8.4 



Note: Interpretations are based on possible effects of constituents on 
crops and/or soils. , Suggested' values are fjexible and should bi 
* . nxxdijfied when warranted by local Experience or special cond)^tiQfis 
of crop, soil, and method of irrigation. " 

a. Assuming water for crop plus water needed for leaching requi/ement 
wilT be applied. Crops vary in tolerance to salinity. Electrical 

■ conductivity (EC) mmhos/cm x 640 =^ approximate, total dtssmved 
- solids (TDS) in mg/L or ppm; imhos x 1,000 = micromhos. 
Na- • ■ . ■ . 

b. , SAR-'-J cTTTig ' ■ - / ■ 

where Na = sodium; Ca = calcium; Mg = magnesium, in all meg/L. 

c. 'Most tree crops and , woody ornamental s , are sensitive/to sodium and 
^chloride (use values shown)* Most annual crops ar^ not sensitive- . 

cl. Leaf areas wet by^sprink-lers (rotating heads! may/shoW a.leaf^burn 
due to sodium or chloride absorption under lt)w-hi/midity', Ivi'gh- 
evapoi^ation conditions- (Evaporation increases /iorv concentration 
in water films ^n leaves between rotations of sprinkler. heads.) 

e. HCOj with overhead sprinkler irrigation may cayse a white ^carbonate 
. deposit to form on fruit and leaves- 




, , TABLE 4-3 .. 
INTERPRETATION OF SOIL PHYSICAL AND HYCy^AULIC PROPERTIES 



D^pth of soil profile, ft 
<l-2 

- >2-5' ' r--*"' 

■ 5-10 ' ^'V;-', - 

Texture and structure 
Fine texture, poor structure 
F1 ne. texture , wel 1 -structured 
Coarse texture, wel.l-s©ruC.tured 

Infiltration rate, 111. /h ^ , 

f 



7^ 



<0P 



Subsurface, permeabllUy 
, Exceeds or equals. Inflltratlon^ate 
Less th4n Infiltration rate. 



>S.u1table for -OF" 
Sult^le for SR and OF 
Suitable for' all processes 



Suitable for OF 

Suitable for SR and posstbly OF 
Suitable for SR and RI 

Suitable for SR ^ 
Suitable for RI 
Suitable for OF \ 

Infiltration rate limiting 
May limit appl 1 cation" rate — 



Sb:rli?5^^^^ soil depth must be available for shaping of overland flow 
., ^pes- Slow rate process using a grass"^crop may also be suitable, 

1 ft > 0,305 m 4 . . ^ ^ ' 

1 'in^ = 2,54 cm . 



soil 



se iagri'cul tura]. crop prodMction, 
be conducted for the major nutrients--nitrbgefrv,phosphb 



Fojr slow rate systems that emphasi; 
tests jiii 11 

Md 'potassium; boron; gypsum, content; and insolubl^ca'lcium (CaC03), 
-*)Snil^ the Jatter three are mos^ applicable on arid climates, the 
/remainder are applicable to all locations. Th^se tests should be 
cp|i(iuct^^^ and the results interpreted, for both crop production and land 
4p.^^^^^^ aspects under the supervision of a ||j|iatifted soil scientist. 

■ ' - . . . ' ^' . • . ■ ■■ ^ 

V4.5 ' other Field Investigations . 



'4.5.1 Soil Borings 



When field invesrtigations are conducted during the facilities planning 
stage /pr^ assessing the suitability of the site, it may be necessary to 
corfduct soil borings. ' Existing well logs^'cari provide additional 
Information if the wells are located Within a similar geologic 
formation. Generally the shallow (up to 10 ft [3 m] de^p) soils work 



can be perf(:fV|ied using a soil auger {Figure'4-1 )voV a backho'e. The soil, 
horizons exposed by a backhoe are illustrated in Figure 4-2. For deeper 
investigation! of soils and groundwater, drill rigs, can b6 used (Figure 
4-3). The jrill holes can be small diaineter w1th'2 to 4 in. (5 to 10 
cm) being typ|cal; Ttie soil removed should be lodged and notations made 
for depths , a^t which groundwater and restricting layers to hydraulic 
movement are encountered. • V \ - . / ^ ^ 

'■■\ ^ TA&LE 4-4 * , 

' INTERPRETATIONXOF SOIL CHEMICAL TESTS 



Test result Interpretation ' 

pH of saturated soil paste 

' <4»J2 ■ • ^ 1*00 acid for rrfbst crops .to do well 

4.2-5.5 Suitable fpr acid-tolerint crops 

. 5.5^8.4 , Suitable for most crops r ' * i- 

>8v4 A Tooalkdline for most crops, indicates a' passible 

V . ^odium^prpblem" , . . .j i 

CEC, meq/100 g * • . • : / 

1-10 r Sandy spi.ls^^limited adsorption) . ] ' 

12-20 ^ . . SilV.loam (m^erate adsonxtion) . . 

>20 ^ Clay an3. organic soils (high adsorption) 

Exchangeable cations, " 

% of CEC>[de$irable -range) * ^ . 

>, Sodium • ■ ; "^5; ' ^ 

Calcium ' 60-70 ' - . . 

Potassium " " • :■ 5-10 



• Satisfactory 

' < Reduced permeability in fine-textured soils 

- Reduced ^permeability in coarse-textured soils 

ECg. mmhos/xm at 25f 

of saturation iextract v * . 

<2 ' JNo salinity problems 

2-4 / Restricts growth of very salt-sensitive crops 

4r8 / Restricts growth of. many crops 

y.8-16 , Restricts growth of all* but salt-tolerant crops 

/ >16 ' Only a few very salt-tolerant crops make 

satisfactory yields 



4.5.2 Groundwater 



Knowledge of the existing groundwater quality beneath a site can provide 
information on quality objQCti^es of tifejated water. ij\s indicate^l ijfi 
Section '5.1.1 the determination of the groundwater case (1, 2, x)r 3) 




4. O . 



depends on the » use arid quality of the groundwatey*. Wells on adjacent 
land; should have |iniilar quality if located within the same aquifer 
Some soil borings can .also be ^us|d as pbsejdvat.ion wells for system 
rtomtoritig. 



FIGURE 4-1 

CLOSED AND OPEN BARREL AUGERS AND TILING SP-ADE 



'■-^'•;.f.''.. 



y 



/'^Y.4*5.3 Vegetation and Topography 



Site inspections are riece5|aery^ to,^^^^ the existing vegetation and 
topography. ^ The plant speSres 'griwiihg in an area can be used as an 
indicatipn of s^oil characteristics relating to plant growth. They 
s|:io not be lised as the only means of problem assessment. However, if 
tbfrfr occurrence . .is noted, detailed soil invGLStigatidns should be 
coticHicted to assess the extent of the'- problem. Some p]ant species and 
^ the probable indication of soil characteristics are given in Table 4-5. 



The^ topography shquld be mapped prior to final design to allow accuratfiif 
earthwork corjiputations. Both the existing vegetation and topograp|jyi 
should be assessed for costs of clearing and field preparation. 



FIGURE 4-2- ^ 
■SOIL PROFILE WITH TWO HORIZONS 





ERIC 



ll.o 

4-7 



\ - ■ 

*VaBLE 4-5 

prqbab'le s-oil characteristics 
,^ indicated; by plants^[2]^ ' j_ 



Pi 



ant species) 



Probably indicates 



Alpine fir 
SpTuce " 
Cffttails, • 
Sedges 

Willow _ \ . 
Dogwood--^ , . \ 

He e d 1 e. an d t h r ea d' g ra s s 
Western wheat grass 
Salt^^gii^ss , ' 

Mexican fireweed 
Grease wood 
Foxtai 1 ' 
Porider6sa«»pine 
Good sage-brush 



Poorly drufned soil,, high water table 
Poorly drained soil, high water table 
pQorly drained soil .-^high, water t^ble 
Poorly drained soil, hi^h water table 
Poorly drained soil, high water table 
Poorly drained_soil, high water table 
Light textureoN^/ sandy soil 
Heavy textured, poorly drained soil 
Highly sa'line soil . \ " 
Highly sal.ine -soil 
Highly sa'lin^ soil, sodium problefjs 
Sajt, -sodiuni, high water table 
Dry soil ^ -'^ 

, Good and deep soW 



a: Primarily for western statesV Similar Ynfonnat 

other locations* can be found A^ cdunty^ soil stirvey'i. 
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CHAPTE"R. 5 
PROCESS/DESlGN 



Land Treatmeal: Pr^^ * " * 

The xlesign, of a T'and treatment process does not lejid itself to. a step- 
by-step procedure. The two most important determinations, in design- are: 
.(]) selection of the site, and treatment process/ an(t (2) taicul^tion of ' 
the r^e^fifl red' field area; The iteVative' nature of^site^^nd process 
'selection .- is described in Chapter 3 and. the deci si ons i^eached' there are 
assumed^to be inputs to < this chapter/ /In t+iis chapter, -the process 
design. Vfscussion ' canters on de.termii^'ng the critical , loading' rates' 
required to calculate the field area. . ; 

This chapter is. organized into doscussiorvs of (1 ) the process design* for 
rSlovf ' TditBy Tapid infiltration, overljand flow, arid w.etlands application;' 
(2) ;^stem components such ;as' pj:gappli cation treatment (5.2), storage 
(5^,3)„ distribution (5,4) , ^and effluent recovery (5.5); (3| vegetation 
'selection and agricultural management; (4) ^system moriito^ng, an(J 
(5) facilities design guidance. The purpose of the chapter is to focus 
on. design aspects unique to land treatment. ' ,y ' 

'Much ^background detail- is provided to familiarize the 'environmental 
engineer with land treatment. Practices common to most engineers will 
not be discussed.^ Detailed cost data. are not provided, but sources for 
such information are described in, Chapter 3. ' - • 

■ ■>/ : ■ ^ . ^ ^"v . - • ' ' ' • . . ■ ' -■- ■. ■ ■ 

The process design procedure for land treatment starts with the^required 
final efflu^t quality. - for each process, the critical loading rate 
(usually hydraulic or nitrogen) is then determined. -The .loadings and 
removals »of BOD, SS, phosphorus, t^ace elements, and microorganisms are 
^Iso discussed as" they may be important in estimating effluent quality 
or the expected life of . the selected site.^ Extensive discussions of the 
chemistry and v microbiology of nitrogen, 'phosphorus pathogens, and 
metals are presented in the appendixes. ' 



5.1.1' Effluent Quality Criteria^ 



As in conventional process design, it is first necessary to determine 
the 'quality required for the treated effl uent produced by the system as 
wel 1 as' the i nfl uent wastewater qual i ty . . The wastewater quai l ty i s' 
discussed in Chapters 3 and. 4. The expected treated wateV quality from 
slow rate, rapid infiltration, and overland floWwas presented in'Table 
2-3, ' ' . ; . ^ 



Surfaced discKarge of treated water is expected fxm overlfind^Tow aod 
wetlands, ^sterns. Surface discharge from sl^w\ rate" and' rapid 
infiltration systems can result from the installation of underdrains^^or 
wells. -jThe quality criteria foif^ surface dvscharges are established forv 
the particular Watercourse 'by state and federal Jigencies^ . 

Siibsurfk^.^^lV'dfsc consists " of jJ^colate from slow -and rapUd 

infiltraticm' systems. Because .tff . the clay soils as^sociated wi th 
overland flow ^trtd wetland systems,, little tpercolating^(usually 5 to 20%) 
of. the applied wastewater occurs. -There is little. concern for. this 
percolate .quality because . of the"'r§duction in wastewater constituents 
^ after passing through fine, textuced soils. .- ' 

The : EPA criteria for best practicable waste treatnient for alternatives 
using land • application inclujdfe three cases fof groundwater discharge 
[2]. ^ .In>each case, the constituent concentration is assumed be 
measured in the groundwater at. the perimeter of thre s,1te. . . ^ 

- ■ - ■ t 

. Case 1 - The groundwater can potentiajlx^ used for. dr;inking 
' I water supply. ' ' - ^ 

The " chemical and ^sticlde level. s.^in Table 5-1 should 
not be ^exceeded in the igroundwater. ' If the existing 
'a concentration of an. individual parameter exceeds the. 
• standards, there should be no^ further increase in the' 
concentration of- that parameter resulting f rom' ^ land 
• application of wastewater. . . 

Cas'e 2 - The groundwater is used for drinking-water supply. 

' The same criteria as Ease 1 apply arid the bacteciol.og^ical 
. . . quality cri t'eria'^^.from Tatle. .5-1 also apply inx^ses : 
where the groundwater is used without dijsinfection. 

Case 3 - Uses other than drinking water 'Si^^pp^y. . 

- ' ■ * . ■ ^ • ^ ■ 

1. Groundwater criteria, sholil^".' be established by the 
Regional Administrator ba'seb on the present or^ 
' - potential use of the groundwater.' f . -i ■ 

The Regional Administrator in conjunbtion. wi th the appropriate 
state officials and the grantee shall detemii.ne on a si te-by-si te^ 
. basis the areas in the vicinity of a specific land appl ication si te 
where . the criteria in Case 1 , 2, aod 3 shall apply. Specifically 
determined shall be the monitoring requirements appropriate for the 
; project site. This determination shall be made with the objective 
/ of protecting, the groundwater for use as a drinking water supply ^ 
'and/or other : designated uses as appropriate and preventing', 
irrevocable damage to groundwater. \ Requirements shall include 
/.provisions for monitoring the effect on the native^ groundwater. 

. • . • • 4 ■ ■ . ■ 



Havi ng establ 1 shed thfe ef f 1 uent qual 1 ty * requi rements f or a . surface 
discharge and for ^ the appropriate class of groundwater, the process 
selechtion can be made or confirmed. The next^step is to diitermine the 
needed loading rates' to 'achieve the requirements. 

' TABLE 5-1 / 



/ 



EPA-PROPOSED. REGULATIONS ON INTERIM. PRIMARY 



DRINKING WATER STANDARDS, 1975 tz] 



/ Constituent 
or characteristic 



.Value 



Reason ' 
for standard 



Physical ^ 
' turbiidlty, units 
. Chemical , mg/L. \ 

. Arsenic 

Barium * . / / ■ 

Cadmium. 

Chromium ; . 

Fluoride . ' ^ 

Lead ■ . ' 

\/1encury . . . , ? 
♦ Nitrates as 

Selenium . - 

Silver 

Bacteriological : 

Total conform, per IQQ, mL 

Pesticides, mg/U 

. 'Endrin ■ ^ ■ ■ , 
Lindane 

Methoxychlpr ; * • 

Toxaphene 
2,4-D. - . 
. 2,4,5-TP ^ 




0.0002 
0.004 

0.Q05 
0.1 

.0.01 



Aesthe 



Health 
Health 
Health 
Health ; 
Health 
Health 
Health- 
Health- 
Health 
Cosmetic 



Disease 



Health- 
Health 
-Health 
Health 
Hea.lth 
Health 



a. The latest revisions to the constituents 
• ahd^con^entratiphs should be'used.* 

.b. five mg/L. of suspended solids may be subs :ituted 
if it can be demonstrated that it does no^ 
ijrjterfere vtit\\ disinfection. 

impendent on temperature; higher lim'its foir 
lower temperatures.. 1.; 

f- : ■ . ■ ■ .1 
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5 J, Slow Rate Process ^ 



• The* design f>rocedure for the slow rate process is iterative (see Figure 
5-1); The "fi§ld airea is first calculated based on .hydraul ic loading 

. r^t'fes* apd the wastewater flov to- be treated. The area is-then 
cald^lated 'from., the nitrogen loading rate which is determined usipg a 
nitrogen balance. The larger area is used in design-' . Both the 
accefftSBTe hydraulic and nitrogen loadings depend in part^ on the 
vegetation selected (see^ Section 5,6.1).^; The discussion pf/hydraulic 
andVqritrogen loading rates ns follow^ by';d^i scussions of removals of BOD 
and sihpended solids,, phps]^^ &nd-,microorganisms. 

^ . V 5.1.^ Hydraufifc LoadinOates 

/The hydM loading will be limiting— io situations wh^r^e •'slow 
4permeabnri ty . ^oils are used, or ni trogeo' 1 imi is. are not critical. The 
/■ hydraulic- loading rates .for rthe^ design must be' within- the soil 

tapabi m ties, as estimated* (Figure 3-3) or measured (Chaptef 4 and ' 
f^:Appendi;^^). . ' . ^ - ; : - . 

> ■ . " . . " A ■ ^ - ■ ' ■ - ^ ; 

The/ hydraulic loading is ba^d. on a watfirL balance that includes 
pr$t /pi •^atTdn,|^inf Titration rat^ (or consumptive use 

' by /plants),-'' soil stbrage^ capabilities, ^nd^ subsoil permeability. 
Generally, the total monthly . application . ishould . be ' distribute^ 
uniivQi^l^^ must" be made for planting, harves^ting, 

dryingf, and o^l^.r ^periods. The ap|51 ication rate must 

f hen be balanced a^ shown in Equation 5-1. 

• ' Lw + Pr = ET + Wp + 'r~ • V ^ (5-1) 

where Lw. = wastewater hydraulic loading rate, in./wk (cm/wk) 

PK = design precipitation, in. /wk (cm/wk) / 

ET = evapotranspiration (or crop consumptive use of water) , 

! . in./wk (cm/wk)^ 

W|^ = percolating water, in./y/k (cm/wk)' 

R = net runoff, in./wk (cm/wk) ;^ . . ^ 



The relationship in Equation^-1 can be used^for a weekly b.a*lance, as 
shown. Or for monthly or annual balances. Design precipitation i's 
calculated ^from a 10 year return frequency analysis of wetter-than- 
normal conditions using all the. available data (Section . 3.5.4.1 ). 
Eyapptranspiration estimates can be obtained from extension S4)eciali sts, 
land grant universi'ties, or irrigation specialists. Peak- rates for 
selected crops that affect maximum hydraul ic, loadings are presented in 
Section 5.6,1. Expected percolati^ng water can be estimated from soil 
characteristics and verified with field investigations (Appendix .C-) . 
For, slow rate systems, wastewater is assumed to percolate, so net 
runoff; R , can be assumed to be negligible. 
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■ ; >• FIGURE 5-1 
SLOW RATE DESIGN PROCEDURE 



CHARACTER i ST res ' 

(SECT! ON $3.3 
AND_4,2V 



EFFLUENT 
: REQUIREMENTS • 

(SECTION s.r.i) 



I 



\SIJE 
CHARACTER 1ST I C,S 
(SECTIONS 3.2, 3.5 
AND 4.1) 



^HYDRAULIC 
. LOADING RATES 
(SECTION 5.1.2.. 1) 



1 c • 



i NITROGEN . 
LOADING RATES 
(SECTION, 5; 1.2.2) 



-STORAGE 
:(SECTION 5.3) 



I 



FIEXD 
(.SECTI0N.5.1.aj 



I 



CROP SELECTran 
.(SECTIPN SJ.!)^ 



removals of 
n; p. dod, etc. 



.PREAPPLICATION ) 

TREATUENT ^ 
(SECTION 5.2) 



. SYSTEM 
MONITORING 

(SECTION 5f.7) 



AGRICULTURAL 
. MANAGEMENT , 

(SECTION 5,6.2.) 



DISTRIBUTION. 
(SECTION'S. 40 



DISCHARGE ' 




UNDEROR'AINS 
(SECTION ,5. 5. 2J^ 





T 



GROUNDWATER 



SURFACE WATER 



12 



5.1.2.2 Nitrogen Loading Rates 



Nitrogen management for the slow ral^process i's principally crop uptake 
With some. denitrifi cation. The anntft nitrocj^K_baU|fe 



.1 =-'U + D + 2.7 W„C 
n p .p 



(5-2) 



where Ln = wastewater nitrogen loading, lb/acre -yr (kq/ha-yr) 
U = crop nitrogen uptake, lb/acre -yr (kgyha-yrj • 
D = denitrifi cation, Ib/acre-yrCkg/ha-yr). , i 

. ' Wp - DercQlating water, ft/yr (cm/yr) 

Cp- pfercpl ate nitrogen' concentration, mg/L 

■ ^ ■ ■ ■ . " •> . ■ ' 

' : : ••■ ■ .■ •-. . ^ : 

Crop nitrogen unt^ike values are presentfed la Table 5-2. These values 
are based on. j^pical /yields under commercial fertilization and may 
increase where conditions .of excess nitrogen prevail. Crop nitrogen 
uptake values in design depend pn actual crop yields , ;and local 
agricultural agents should be contacted. Double cropping of field crops 
such as corn and barley can increase the total annual nitrogen uptake. 

.. ^ TABLE 5-2 " 



TYPICAL VALUES OrCROP 
; y [3, 4,;5, q 



OF NITROGEN' 



Crop 



Nitrogen uptake, 
1b/acre-yr : 



Forage crops 
Alfalfa^' 

Coastal bennuda grassy 
Kentucky bluegrass - 
Bromegrass 
Reed canary arass 
Sweet clovei* , * 
Tall fescue * 
Quackgrass-' * 

Field crops . 

Barley ' 
Corn 
, Cotton : 
HilQ maize 
.Soybeans'^ 

Forest crops 

Young, deciduous 
, Young, evergreen 
Medium and mature dec1du9us 
/ Medium and mature evergreen 




> 200-480 
350-600" 
180-240 
1^6-200 
300-400 
158 

135-290 
2l0r250 



•63* ' 
155-172 > 

66-]00'' 

8V 

94-128 



100 
60 

30-50 
. 20-30 ' 



a. ..F,or choice* of suitable crop and uptake 

value/ contact the Ipcal agricultural 
\ . agent. . '. ■ .V * * « 
'b. Legumes will al'So take nitrogeh from 
. the*. atmosphere " * . " : . ' 



1 lb/acre*yr « 1.12,kg/ha'yr 
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Denitrififcation .iS' difficult to deteirmine under field conditiorts, but 
losses generally range from 15 . to 25% of the applied nitrogen. 
Conditions favorable ^to increased denitrifi cation are summarized in 
Table .5-3. Volatilization is known to occur (see Appendix A) but is 
difficult to quantify. . 



' , TABLE 5-3 



FACTORS FAVORING DENITRIFICATION 
"IN THE SOIL 

High organic matter 

Fine textured soils 

Frequent wetting 

High groundwater table 

Neutral to slightly alkaline ipH 

Vegetative cover 

Warm temperature 



The percolate nitrogen will be limited in concentration to 10 fng/L for 
design purposes if the flow' is to Case 1 or Case 2 groundwater. -Ah 
alter/iative approach is to 'conduct a geohydrologic study (Appendix C) to 
quantify groundwater flow., If it can then be shown that groundwater 
qu^ility leaving the site meets Case 1 or Case 2 requirements, tiJien a 
higher design percolatQ nitrogen concentration should be allowed. The 
percolating water is^^determined from the^ water balance. It affects the 
allowable loading of nitrogen considerably, as illustrated in the 
following exarjple for *both arid and humid climates.. 

• '• * . ' ■ . • . 

EXAMPLE .5-1: ANNUAL NITROGEN BALANCE FOR DESIGN PERCOLATE ' 
NITROGEN CONCENTRATION OF 10 mg/L 

Conditions * * 

Humid climate Arid climate ' 

1. Applied nitrogen concentration, . mg/L * 25 25 

2. ' Crop nitrogen uptake, U , Ib/acre-yr ' . 300 300 

3. - Denltriflcation, as ?; of applied nitrogen 20 ^ • 20 . 

4. Precipitation minus evapotransplratlon, P r - ET , ft/yr^ 1.7- -1.7 

The annual waiter balance, usirtg Equation 5-1, Is: '-^ "* ^ 

. L„ + Pr = ET + Wp + R . 

>' or Wp « Lw + .Pr - ET"- 0 ' , 

. Wp = Lw- + 1.7 (humld)^ ' ^ ; ' • . 

^ Wp = Lw - 1.7 (arid) ' . ' • 




The amount of percolating »water> Wp , resulting from the applTeff*t<(luent, Lw . has a 
significant effect on the allowable nitrogen loading, Ln . 

The annual nitrogen balance, using Equation 5-2, Is: ■ . • . 

• ' Ln • U + D + 2.7 WpC-^ (5-2) 

Ln - 300 + 0.2 Ln + (2.7)(Lw' + 1.7K10) (humid). 
• Ln = 300 i.0:2 Ln + (;2.7){Lw • 1.7).(10) (arid) ' ^ - . 



The rel^onship between the nitrogen loading and the hydraulic loading Is; 

» 2.7 CnLw (U.S. customary) 
Ln » b.l CnLw (SI units) 
wfiere Ln = wastewater nitrogen loading, lb/acre>yr (kg/ha«yr) 
Cn * applied nitrogen concentration, mg/L 
Lw ".wastewater hydraulic loading, ft/yr (cm/yr) ^ 

Therefore, for this example, ' 

' . .Ln - (2.7)(?5) Lw. 

; . . » 67.5 Lw , . 

■ or Lw ' 0.015 Ln r " ■ ^ - 

With two equations and tw6 unknowns, the nitrogen balance can now be ^solved: 

tiumid climate 

. ' Ln ' 300 + 0.2.Ln +.(2.7)(Lw + 1.7)(10) ^' - , 

. in ' 300 + 0.2^Ln + (2.7)(0,015 Ln + 1.7)(loj ' 

Ln '. 300 + o'.2 Lp + 0.405 Lrf + 45,9 ' - ' 

. 0.395* Ln = 345.9 ^ . 

Ln ' 875 lb/acre. yr * . . ' 



(5-3) 
{5-3a) 



Arid climate 



0.395 



Ln 
Ln 
Ln. 
Ln 



300 + 0.2 -Lp + (2.7)(Lw - l.'7)(10) 

300 + 0'.2 Ln +M2.7)(0.015 L,, - 1.7)(10) 

300 0.2 Ln + 0.405 Ln - 45.9 

Ib/acre-yr , ' ^ \ 



Cfflipl etc A^'^JL^lil'J 



Humid climate Arid cliniate 



1. Wastewater nitrogen loading. Ln . Ib/acre-yr ^. 

2'. Wastewater hydraulic loading, Lv^ », ft/yr 

3. Percolating water, IfJp . ft/yr ^ 

4. .Denitrificaftion, D , Ib/acre-yr . . ; 

5. Percolate, nitrogen. loading. " 2.7 CpWp , lb/acre«yr 



875 
. 13.1 
14.8 
175 
400 



643 
9.6 
7.9 

129 

- 213 



1 lb/acre -yr =M 2 kg/ha 
1 ft/yr ='0.305 m/yr . 



'5.1.2.3 BOD and SS Removal 



indicate in Table 2-3,vthe expected BOD concentration of treated 
water afpr 5 .ft (1.5 ml of percolation is le$s than 2 mg/L. At 
Hanover^New Hampshire, percolate BOD ranged from 0.6 to 2il mg/L after 
passa^ through 5 ft (r.5^^m). For a primary effluent with a BOD/ 
co^^nHration ^of /about 100 mg/L at a loading rate of 5 Ib/acre-d (5.0 
ki/ha-d), the' average percolate concentration was. 1 .5 mg/L [7]. For 
industrial wastewaters, BOD loadings have exceeded 200Mb/acre'd (224 * 
kg/ha-d). Suspended solids removals are expected to be similar to BOD; 
removals although few data are available for existing systems. \ 



^A.lA Phosphorus Removal 



Phosphorus retention is extremely effective in slow rate systems as a 
resuVt of Jidsorption and chemical precipitation. Phosphorus retention 
for sites can be enhanced by use of icrops such as grass with large 




phosphor:us uptake. Grass also minimizes soil erosion ancb surface runoff ' 
losses. Field determination of levels of free, iron oxides, calcium, and 
aluminum, ^and soil pHjjtill provide information on the type of chemical 
reactions that wili occur/ Determination of the phosphorus, sorption 
capacity of the soils requires laboratory. testttig with f^e3d samples 
from the proposed areas (see Appendix F). ' ^ 

The estimated phosphorus .retention from the empirical model (Appendix 
B.4.4) can be computed . for the loading and soil sorption properties. 
Systems^ with- strict phosphorus control for recovered water should 
include routine soil phosphorus monitoring to verify re^efrtrR){i in the 
soil and system performance. 



5.1.2.5 Trace Element Removal 



An evaluation of . the annuail applications of • trace metal s should -be made 
oil the basis of wastewater applications and an estimate of wastewater 
concentrations from field testing or existing data (see Table 3-4). The 
assessment of trace metal concentrations is especially important in 
cases where industrial' sources are present.. The potential toxicity to 
plants can be assessed, by comparing loadings computed to the recommended 
application values for sensitive crops (Table 5-4)» In cases where 
annual total application or applied concentrations approach levels shown 
in Table 5-4, system management to maintain soil pH at 6.5 or above by 
liming may be needed. 



5.1.2.6 Microorganism Removal 

The minimizing of public health risks is a basic goal for ar\y wastewater 
treatment system. The^potential for publi£ health risks resulting from 
land application «f wastewater varies greatly depending upon specific 
site detai.ls 5uch as: - " 

1. Type of application >- ' 

2. Public access to the site 

3. Preappli cation treatment 

4. Population density and adjacent land use 

.5. Type of disposition of vegetative cover . 

6. Natural occurring and artificial onsite buffer zones 
* 7. Climate 

IIln+,-^*^* ^edrca} Department and the E?A have conducted and are 

continuing to conduct studies at operational land application sites Jo 
document microorganism removal and transport mechanisms. These 
locations include Fort Devens. Massachusetts. Deer Creek. Ohio; Fort 
Huachuca, Arizona; and Pleasanton,' ^Californ a. In addition the' 



development of a mat|iemat1cal model describing aerosol tran^por,t Is 
underway by the U.S. Arii\y. • 



TABLE 5-4 - ; - 

SUGGESTED MAXlMUNr APPLICAtlONS 0°F TRACE ELEMENT^ 
TO SOIiS WITHOUT FURTHER INVESTIGATION^ 



Element 


^(ass application, 
to soil ,, lb/acre 


Typical 
concentration, nig/L° 


Aluminum 




4 080 ' 


10 V ■ 


Arsenic 




82 


0.2 


Beryl ium 




82 


/ 0.2 , . 


Boron 




610 


; 1.4P ' 


Cadmium 




. 8 


0.02 


Chromium 




-.82 ' 


0.2 


Cobalt 




41 ■ ■ 




Copper 




164 




Fluoride 




820 


1.8 . 


I ro.n 




4 080 


•10 


Lead 




4 080 


10 


Lithium" 






" 2.S^ 


Manganese 




164 ^^ - 


. .0.4, 


Molybdenum 




r ^ 




Nickel 




164 


0.4 


Selenium 




16 


0.04 


Zinc 




L640 





*a. Values were 'developed for sensitive crops on 
soils with low capacities to retain. elements ~in 
. availAble fcrnns [8,9]. 

b. Based on reaching maximum mi^tappU cation in 
20 years at an annual applicatibn^te of , 
8 ift/yr. 

c. ^ Boron Exhibits toxicity to sensitive plants at 

values, of 0.75 to 1.0-mg/L. • 

d'. , Lithium toxicity \imit is suggested at 2.5 mg/L 
concentration for all crops, except citrus which 
uses a .0.075 mg/L limit. Soil retentior) is 
extremely limited. 

1 lb/acre = V.12 kg/ha 
.1 ft =0.305 m 



5.1.3 ftapid Infiltration 



The design procedure for Vapid Infiltration Is" presented In Figure 5-2. 
The principal differences from slow rate systems are,(l) hydraulic 
applications are greater, so greater reliability of permeability 
measurements Is requljrjed; (2) nitrogen removal mechanisms rely less on 
crop uptake and mor|> on' nitrification-denltriflcatlon; (3) solids 
applications are greater; . and (4) systems can be adiapted to severe 
cTlmates. . ■ . ■ • . 

■ ■ 127 ' . 

Q ' . 5-10 , . V,; 

ERIC ' . C 




FIGURE 5-2 :,: 
RAPID INFILTRATION DESIGN PROCEDURE 
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5.1.3.1 . Hydraulic Loading Rates 



Hydraulic loadings and subsequent liquid movement- through the soil 
depend on soil permeability, subsurface geological conditions, and 
constituent ^1-badings. Annual hydrauTic loading rates can range -from 20 
to • 400 ft/yr,(6 to 120 m/yr). Typical loading rates are shown in Table 

. *. ^ . TABLE 5-5 ■ . 

TYPICAL HYDRAULIC LOADING RATES FOR RI SYSTEMS • 



Location / 


i^ydraulic 
loading rate, 
ft/yr 


Soil type 


Type of 
wastewater 


Flushinq .Metidows, Arizona . 


■ .364 

y. - 


Sand 


♦Secondary 


Santee, .Cal i fornia . 


^'265 


.Gravel^ / 


Secondary 


Lake George, New Yoric .j 


140. . 


Sand / ■ 


, Secondary 


Calumet, Michigan' 


,,110; 


■ Sand ■ \ 


- Untreated 


Hemet, dali fornix 


108 


, Sand 


Secondary 


Hoi lister i California^. 


• ' 97 


Sandy loaiii 


■ Primary 


fort Deyens, Massachusetts 


' 94. 


S^nd. and gravel 


Primary 


Westby , Wisconsin 


.36 


Si It. loam 


Secondary 


1 ' ft/yr = 0.305 m/yr. 




'\ ■ '-v . 





System design for a rapid infiltration process includes the interrelated 
factors of hydraulic^', loading rate per application cycle, soil 
infiltration capacity, application and resting cycled solids applied in 
the wastewater,-and subsoil permeability. Although site investigations, 
may show that the infiltration rate is greater than the soil 
permeability, the infiltration rate, under, design conditions with solids 
applications, will usually decrea$e and control liquid appl ications. 
Figure 3r3 . can be used for " an initial estimate- of the . average 
infiltrat+on ,rate. For"! final design values, soiVinfiltratipn tests 
(described in Appendix C) should be conducted. The most limiting layer 
in the soil profile should.be evaluated and that permeability should be 
. used in design. > 



The operating infiltration rate will vary between two values: one. being 
tlie initial rate for clean, soil and clear water, and. the other being a 
decreased, rate for wastewateir, with a surface accumulation of organics 
and other suspended solids. The cycle of application and resting is 
designed- ta-restpre the infiltration rate to nearly its initial value by 
the' end' of -the resting, period. For a speci fic- rapi'd infiltration, site, 
a design deciston. has to be made that balances suspended solids 
application, land area requirements, and resting requirements.- 



I'- 



5.1 .3.2 Hydraulic Loading Cycles 



The existingJijjTdraulic loading and resting cycVes t)f rapid infiltration 
systems, as given, in Table .5-6, demonstrate se^ral design concepts,,- 
Most systems are intended to maximize infiltration rates, al though 
Flushing Meadows, ArizonWand Fort Devens, Massachusetts, experimented 
with^.. the cycle to promote aten-itr if i cation. ) 



JABLE 5-6 



TYPICAL- HYDRAULIC LOADING CYCLES '[ITJ 



AppllcatTon Resting 



Location 


Loading objectl^ 


V. period . period Bed surface 


. ■ ' ' ■(■■"■ 

Calumet, Michigan 


■ 1. . 
.Maximize Ihf ti- 
tration .rates I 


K V2 d 7-14 d Sand (not cleaned) * 


Flushtfig Meadows, Arizona 







Maximum Inflltratlofl 

Suniner ^ * 

Winter ' ^ 

Fart Devens , Massachusetts 

Fort Devens, Massachusetts 

Lake George, Nfew York 
. Sumner . ' 



Winter 
Tel Ay1v,^Israel 
Vineland, New Jersey 
Westby,' Wisconsin- , 



Increase ammonium ' 
ad^&t»fdt1on . capaci ty 

Maximize n1tro*gen 
removal 

Maximize nitrogen 
re<^yal- 

Maxiinize infil- - .. 
tration rates 

Maximize ni(irrogen 
removal ^ 



Maximize infil- 
tration rates 

Maximize infil-. 
tration rates 

Maximize 
remJWftTGn 

Ma/ximizef infil- 
tration Jrates 

MaxWze infil- 
tration rates 



5 d S'arfd (cleaned) and 
* . grass cover^ 

10 d Sand (cleaned) and 
grass cover^ 

20 dvs^and (cleaned) and 
\^ia«-^over3 

2 '3 14. d . Ghass (not cleaned) 

7 d . 14 d Grass^inpt t:leaned) 



»Whitt1er Narrows, California Maximize infil- 
' ' tration qates - 

' '•' - ■ ■ " . ■ • ■■ ' 



,9 h ,. 

» . 


4-5 d 


Sand (cleaned)3\ 


9 h 


5-10 d 


Sand^ (cleaned )3 


. 5-6 d 


, 10-12- d 


Sand^ 

»■ . - I- . 


1-2 d 


7-10* d„ 


:Sand (disked), solids 


f 




^ turned into soiic 


.. 2 wk 


/ 2.wk 
< 


Grassed 


9 


15 h 


Pea gravel 



a. Cleaning usually involyed physical removal of surface solids. 

b. y,Ma1ntenance of sand cover is unknown. ^ / 

$o.tj<ls are incor^^ ♦ 



For basin surfaces with. grass or vegetation, the need for riiaintenanqe is 
less strict th*an for bare surfaces. Basefl on operations at Fort Devens, 
the grass should be allowed to grow and- die without placing heavy 



meehanicaT- equipment, which eortpac.ts the surface, on the infiltration- 
beds. Periodic harrowing of the* soil surface -pip mowing of the grass may 
be considered depending on aesthetic demands. 



in summary, system design f6r mixl'mum infiltra\ti should include 

adequate drying -time based' on MocaT cl innate and solids loadings to 

restore infiltration rates » If -^the soil surface /is maintained bare of 
vegetation, the surface should be* p^riodic^Jly- ralced, harrowed, or 

disked. -Nitrogen removaV by den1trifijca.tion|will require additional 

considerations^ fo^ lesser soil aeration andl /the efifect of lessened 
opportunity foj solids degradation. ), 



5.1.3.3 Nitrogen Loading Rates 



Because nitrogen loading rates can exceed 
magnitude, crop uptake (if a crop is pi ante/ 
nitrification, denitrificati-on, and ammoniui 
greatest importance. 



rop uptake tky.,an order of 
f) is relalfiveiy minor and 
sorptiori are j general ly of 



The retention of - ammonium by the cati9r/ exchange capacity can be 
excellent'. The conversion of ammonium to n^itr.ate dccurs rapidly when, 
short, frequent applications are used to promote aerobic conditions in 
the soil . Longer ' appl ication cycles, which restrict soil reaeration, 
favor nitrogen loss by. denitrification. -Available organic matter in the 
^oil profile as a result of applied BOD also increases tne amount of 
denitrification. The most comprehensive work on - nitroqen has been 
conducted cit the Fl^sh^ing Meadows Project (described in Section 7.8). 



'At the Flushing Meadows Project, at a 365 ft/yr (111 m/yr) apblication, : 
the ' sustained removal of nitrogen was 30% [12].^ Tor lower apolication 
rates Lance fouafl that the nitrogen removal increased to oyer\80% {see 
Figure 5-3). Although thfe relationship i^s strictly valid oalyVfor the 
sandy soil and secondary effl uent . used at Flushing MeadowsyVimilar 
relationships should ^exist- for other soil s and wastewaters. 

.Infiltration rates in the field can be changed by modifying the depth of 
flooding, compacting the ^ soil surface, or by applying wastewater 
containing higher BOD and suspended solids [lU]. 



•When nitrification is ^ the^ objective ' of rapid infiltration, short 
application, periods followed by relatively long resting periods are 
used. Raoid infiltration systems will produce a vnitrified effluent at 
nitrogen Headings up ttf 60 Ib/acre-d (67.2 *kg/ha-d) . Nitrification 
below Se^'F {2*'C) and below pH 4.5 is minimal '(Appendix A).- 



FIGURE 5-3 ,. 



EFFECT OF INFILTRATION RATE- ON NITROGEN REMOVAL 
FOR RAPID INFILTRATION, PHOENIX, ARIZONA [10] 





1 »n,./d = 2^54 cn/d 



t L 



20 30 40 

INFILTRXTION RATE, cm/d 



50 8 0^ 



5.1.3.4 BOD and SS Removal v - ' ' 

of BOD and suspended- solids depend' on the soil type^.jind travel 
in: the- soil,\ Removal of BOD is primarily. accompli shed^'by 
bacteria^ that aepepd on resting periods to reaerate the soil . 
, rate^ have 'some '^f feet on- removal s but too many bt?her variables 
such as temperature, resting, period', and soil type are . involved to 'allow 
estimation of removals from loading rates alone. Selected loading rates 
and concentrations^'in th^ ^reated water are presented in -Table 5-7. 



Removal s 
di stancre 
aerobic 
LoadiTig 



5.1.3.5 Phosphorus Removal 



The basic mechanism.s for Vphosphorus removal are similar to those 
described for slow rate syst^s ^Section 5.1. 2.4). The coarser textured 
soils lised foe rapid infiltration may have les^ retention capacity for 
.phosphorus. Soil capabilities can b.e estimated from specific testing 
(Appendix F; -Section F.3.a,2). . 



' TABLE. 5-7 

BOD AND SUSPENDED'sOLIDS DATA FOR SELECTED 
RAPID INFILT,RATION -SYSTEMS [13-16] 





' . ' BOC 


) 


Suspended solids 




■ Location ' 

■ • # ■ • ^ 


Average 
goading 
rate. 


Treated^yater 
concentration, 
ma/L 


Average 
1 oading. 

rate,^ 
lb/a ere- d 


Treated water 
concentration, 
' mg/L . 


-; • • ■ 

Sampling 
depths,, 
ft 


Phoenix,. 
Arizona 


•-. 40 • 




54 


0.8 


100 


Lake. George, 
New York 




,1.2 


^ . . . ' 




10 


Calumet, 
•Michigan 


71 




43 






Holfister, 
California 

. ■ « 


158 

I* • ■ 


8 


197 J 




25 


Fort Devens, 
Massachusetts 


78' 


12 ; ' 






:64 



a. Total lb /acre-yr applied divided by the nu^mber of Hays \n the operating 
season (365^ days for these cases). ' ' * 

b. Soluble TOC. . 



1 Ib/acre.d = 1.12 kg/ha-d 



5.1:3.6 Trace Element Removal 



As irrdicated in Section 5.1 .2.5, hjeavy metal s arp removed from : sol ution 
by the adsorptive procesis and by preci pita tibri arid ion exchange; in the' 
soil . ' -The concerns .^ibout heavy' metals in rapid infiltration" systems 
are: ' (1) the hig;h Tates orappfication, apd {2> the. potentially low 
adsorptive .' potential of ^the.CQjarSe soiTi. i The heavy metal application. 
6rlteria (table 5-4) , recommended to ensure protection of sensi tive 
J)Tants jn slow rate systems, -can be sifeV, exceeded, for rlapi.d 

^in/iltratVon systems because sBristtive agricul tural crops are, not .grown, 

' *. • ' ■ ■ ' . ^ ■ ' ' ' / ■ 

.5.1.3.7 Mi croorganisy Removal ' „ ' '^'^■}': ■ ■ ^r--.- - 

■ • ■ ■ ■ . . ■ ■ . ' '■' 

■ ■ it- ■ ^ ' ■ . . ■ ■ f , . . . • 

The mechanisms of mi crqorganisn]^ removal include straining, sedimenta-' 
tion, predation "and desiccation" during preapplication treatmentr^des- 
iccation and radiation during 'applTcat^on; and strajnin'g, desiccation, 
radiation, predation, and liostiJt- environmental factors iippn application 
to the larvd. Removals of fecal collforms for^yseieete4^ 
•infiltration systems are presented in TabYe;5-8. ^^^^ '-' v 

■ . ■ ■■• ,■■13:3 ^: 



TABLE 5-8 

FECAL COLIFORM REMGfVAL IN SELECTED .5I . . 
RAPID INFILTRATION SYSTEMS 



. /.^ ' ^ ■ ' Fecal co!i forms, MPN/100 mL . 

/ ■ Soil *%r- ■ • ' " . — ' Sampltpg: 

/ Location type Effluent applied- Renovated water* depth./ft 

Phoenixi Arizona Sand 1 000 000 » 0-30 . .100 
; Hemet, dalifornia Sand 60 000 \1 / ' 8 ^ 

Cajumet, Michigan Sand — ^ 1-10 10 i 

a. Untreated wastewater. 
* .1 ft != 0.305 m • . ^ . . ? , 

S.1.4 Overland Flow ^ _ . ^ . ' ; . 



Overlancr \ flow! systems- use the land surface as the treatoient medium over; 
which a thin sheet of wastewater moves and upon wh.ich 'the- biological aad 
chemical proceisses .occur, the design procedur^e is typically to .select a 
hydraulic Ipati^ing based on the required^ trea^Hlht perfonriance for BOD in 
the wastewater. ; Nitrogen removals or* transformations'- are then asseissied 
baseil^.^on conipafi son ^ with existing systems. Jhe idesign procedure is. 
presented in Figure 5-4. . 



S.lJf.l Hydraulic Loading. Rates ..y. 



^ •....■V:.. . 

Hydraulic loading rates, when untreated or primary effluent is a^pTs^ed, 
can range, frbm* 2;i5 to 8 in./wk (6.4 to 20 cm/wk) depending^ on the 
climate, reqi^i red - treatment , perfonpance, /'and detention ' time '^n the 
sTopfe. Lower ; vaVues of 3 to -4 in./wk (7.5 to 10 cm/wk) should be 

■ considered - O). for ^slot)es''great6r than 6%, (2) for terraqesii^es? than 
150 ft i45 mjPVi or '(3) because pf reduced ibiological activity* diirl'ng very 
col;d' weatheVV Th^^ has reported excellent results using untreated 
Wastewater ,at about 4 in.:/wk> (tO cm/wk) /on 2 to 4% slopes 120 ft .(3& iji) 
long [17]. Recently, ThomaV ha? e^perim6,ht^(l:,wi th loadings of bf^ndfS 
1n./wk (15 and -20 cm/wk) with untreated waitewater-'^tid primary effluent 
and has indicated continued excellent removals' of BOb, suspended solids, 

^ana nitrogen [18]. . • ^ 

^ ■ * . ■ • .. '^m::--^ . ^ r ■• . • •■ ' 

Fpr , lagoon or secondary effluehtV loadtngs Of to 16- i (15 to 40 

cm/wk') can be: cohsideHd. Lower Values of 7 to 10 in.7wk (17.5 to 25 
;jpm'/wk) should^ bp^iconsidered when the factors (1) through- (3i;descrfbed 
;;above, apply. ' Lpading rates aind design condijtip four 

dfemonstration projects:- are presented in' Table 5^. v; v V* ' 
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/■•■■-■•TABLE 5-9 ■ ■■'^r^^':- ■ 

•LbfelNG RATES FOR OVERllAND FLOW SYSTEMS 



■ . ■ ' " . ' / ; ■ ■ . ■ ■ • 

■/■■'.y ■ , w ■/ . 
:■■.:,, • ■ H:-^ 


Type of > 
effluent appliie^d 


; . Hydraulic 
-loading 
'rates, in, /wk 


Degree - p^ 


. . Slope 
. length, ft 


• ■■ .^^ ^^'Z ■ Ada, Oklahoma 


Raw comminuted . 


•4-8 ' 




120 . 


■* ■;• \ ^^^f Oklahoma 


Trickling filter 


. '10-16 


2-A 


120 


''{•♦ 'Pauls Valley, Oklahoma 


Oxidation pond 


' 10.3 


. ■•■^^3 - 


150 


..♦ * V IJtipa, Mississippi 


Oxidation pond 


' 2,5-5 


2«:S • 


•y ; i5o \t 

1 ■">,•■. .■ " ■ 



> V in./wk = 2;54 cm/wk 
; T:ft^=*.0.305 m. 



loading ■•p^ cycles for an ovfenland flow system are designed to 

fiialntain aet^^^^^^ growth on ■the' soil , surface.. The operating 

pHncip^e$'v>a^^ to a conventional. • trickling filter with 

interm.iliten^^^^^ rate and l-ertgtfh of application should be 

cohtrajledvva^^^^^ conditions dan >xHu?^^;t . f^^ overstressing the 

systetnV -The y^^^^^ period should ,,be.;To^^^^ soil 
surface Idy^fi'/txy-^^ , yet shojt \6.Abiigh tQ^^:k^ sms 
in an - active' sjtate. Experience wfth'ekisting '^s)^^ that 
optimum eye l;es range from 6 to 8 hours on and 16 to ' ill: ..t^^^^ for 5 

to 6 d/wk depending on the time of year. Appl ication- periods may be 
extended during, the summer months to allow portions of' the/syst 
taken out of service' for crop harvesting. '\ '^:''::-::^i:;> 



S.y.^.Z Nitrogen Removal. 



.Ni.t^rogen removal in overland fTow systems ns excel. 1 en t:.v^'^:'t^^^ 
^mechanisms' responsible for these removals are bipl.pg||^^^^ 
^cattbn/denitrification and crop uptakei^ The overlyipg- water film and 
organic matter, ^ and the underlying Saturated soil form an aerobic- 
anaerobic double , layer ' necessary^,. ^. for nitrification followed" b/ 
denitrification. . Thpse copdvtions^'^^^^^^^ those fpund in rice> 

fiel-dts.^or nrarshes. The treated^\rgnoff quality fb^ 
Ok\^ma, is' shown in Table 10. ' ... x. ■ 




5.1 .4.3 BOD-and SS Removal' 



Removals of BOD, both at Ada, Oklahoma and .at Paris, Texas, havS- 
improved, wi th . systepi age. At Ada, after, about/ioij , days, of operat^^^ 
the BOD cbncentrati;br\ in the runoff stabilized af .ari average of. .6' mg^^^^^ 
•for the 4 in./wk I-IO cmAwk) rate'[17J. At Pairis; Texas (describ'ied.n'n. 
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SectionTilZ) , the BOD in the treated runoff improved from an av^erage of 
9. mg/L inM968 to an averagie of 3.3 mg/L in 1976. 



Suspended solids removals are generally less than those for BOD. At 
Ada, removals 'averaged 95% and concentratipns ranged from 8 to 16 mg/L 
for the 4 iri./wk (10 cm/wk) rate [17]. At Paris, ^ Texas, 245 mg/L of 
suspended sol ids i s appl ied and the treated runo^ff typically contains ZS 
to 30*mg/L of suspended solids/.[Tl]. ' 



f - \CV. .^'•:.-..TABLE 5-10. . > , > *• /, 

NIT^pSElN eONGEMATIONS IN TREATED RUNOFF 
FROM OVERLAND ;F).6w 'WHEN USING UtJTREATED WASTEWATER [17-, l6] 



Nitrogen '■fp^rms . 


• 

Lo^fling rate', in./wk. 

■ ^4 ./ 8 ; ' : 


'foul:: ■■'•^■'iV'. 




Organjc V'^:-: : 




Animonia"';^^ ■ f., ^ 




Nitrate and'-tijtrrte ^. 


0.5 ..3 ' ; 



a. Not nie'asure'd,' but assumed to be' 
similar tO:'4 in./wk loading rate. 



1 in.. /wk": = 2.54'. cm/wk * 



5.1.4.4 'Phosphorus Ren?Dval 



'Qf. thee, three- major land processes, ov^ei^land flowf systems have 

. the -ftidst limited pot'eri*^ial for phosphorus rapbval . &e6;hjuse there is 
"very limited percolation; of wastewater in overland fi^vy, /Systems, the 
. soil -water contact is 1 imi ted to the soil surface area. .|Th.e: wastewater 
flowing ov^ the §oil surface does n.ot have extensive contact with the.; 
components of the soih thSit normally fix large amounts of ^phosphorusv 
In addition,, the, resiaence time p:i3, the slope^is usually less than 24 
hours. However, some phbsphorus;%pi^^ to b6 removed by the organic 
layer on the surface .of overhand f Vow si opes;* [19] and the grass will 
take \Sp 30, to '40 1Vacr^;yr Ul'S to 44 kg/ha -yr). ' 
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At Ada, Oklahoma, alum. was added to the wastewater.^prior to application./. 
For. an applicfation -.rate of ' 4 in./^k (10 cm/wk), the removals of * 
phosphorus are > presented in Table 5-11. Similar results were,,obtained 
at Vicksburg, Mississippi [20]. ' 
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. TABLE 5-.11 . ' 

' . . ■ ■ 

PHOSPHORUS CONCENTRATIOHS IN TREATED RUNOFF FROM ; 
.' OVERLAND FLQW, ADA, OKLAHOMA [17] 





. Concentrai^tion of total 
phosphorus, mg/L 


Phosphorus : 
removal, 


Untreated wastewatfer / 






Runoff 






No alum 


.'/^ 3.7 ■ ■ 


62 


14 mg/L alum 


1.6 


84 / 


20 mg/L alum 


1.5 


85 



Carlson et al. reported 75% phosphorus removal from sefcOndary 'Cffl ueitt,. 
in greenhouse, studies at 0.5 fn./d (1.3 cm/d) applications [21]. At . 
Melbourne, Australia, phosphorus rjemovals of 35% from, raw wastewater are 
reported (Appendix B)..' . . .. , , 

. ■ • ■ ' ■■ " < - . \ ■ • • • . ' • 

5.1.4.5 Trace Element Removal --'-^ ;•. . . 



Trace element removal by overland. flow is "relatively goo.d. Hunt and Lee 

[T9] report that rates of removal are greater; than 90% for all, and 

greater than 98% for some heavy metals. It is believed that most of the 
heavy metals are, removed in the surfafie brgahic mat. 



,5. > .4. 6 Mi croorgani sm ^fieradival 



The "mechanisms involved in the removal of bacteria by the soil -in 
over! and flaw systems are similar to those for removal, of metals. At 
the pi lot ^ study at Ada, Oklahoma, the overall reduction for total •{* 
col i forms was about 95%, while fecal coliform reduction was about 90%- 

■[•r7^^^■'^::^^ ■• • . . ■ 

Jhe designed use of wetlartds to receive; and satisfactorily treat . 
wastewater effluents is a rfeTatively new concept. At present, the use 
of wetlands has not been incorpcTrated iato large, full-scale treatment 
systems; however, the pote^ntial treatment capacity has been confirmed at 
• many pilot systems and research sites. . Hydrialilic loadings and general 
performance criteria are given in Table 5-12. " 
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HYDRAULIC LOADING? ANd! G^EBAL PEBPteNCE CRITERIA 
RESEARCH.AND DEHONSXRftllpH'W^tLAND SYSTEMS 



Final concentrations, pig/L 



Location 

New tork 
[22] 

Wisconsin. 
[23] ' 



California 
. [24] 

New Jersey 
[25] 

' Canadian 
Northw^^t 
[26] 

Ninnesqta 
/[27] 

Florida 
, [28. 29] . 



' . _ PfJsiappli cation Length of Application Suspended Total • / Total 

Sy^item type r 'treatment : ' application rate, in./d BOD / , sf)lids nitrogen phosphorus 



^JCons.tructecf 
'nmarsh/^rortd 



.Aerated 



Constructed ma rjsh ^Primary and 
♦ • secondary 



fialural ma^rsh 
Constructed marsh Secondary 



Pritnary and 
secondary 



Natural tidal 
marsh- 



Secondary 



Natural swamp lagoon and 
raif septage 



Corrstructed 
peat bed 



Secondary 



Natural cypress Secondary 
dome*. 



~ — - — 
Year-round 

Year-round 
Year-rround 

Year-round 

Year-round 

Year^roOnd ' 



Summer 
(campground) 

Year-round 



1.8 



2.0-5.0 



16 . 



2.0-6.0 /5 
1.0 . .... 



43 . 



5-18 14-80 ...... 

5-27 gO-15i 0.5-2 



2.2^ 

10-12 
; 1-3^ 

- 2.8.. 



<10b <40*> 



b- 



<5 



<8' 



<10 



<0j8 



0.6-3.8 . 0.2-r.O . 



a. Application v^iries to gtve detention times of 5 hours to 10 days. 

b. At point In swamp 2.26 mi (3 640 m) downstream from outfall. ^ 

1 in./d = 2.54 cm/d - . . , . 
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5.1.5,1 Process Descnp^tion . . 

' , ■ ' : . •.• 

There are Several types of wetlands (armentioned in Chapter 2) wrth . 
'varying amounts of organic substrate and vegetative growth and varying ; 
degrees of soil moisture. ' They require Tow-lying,^ usually level, 
saturated land, sometimes partially or intermittently covered with 
standi ng water. In w6tl and appl icatijon systems, wastewater- is renovated 
by the soil, plants, and microogranisms as, it moves through and ovef the ' 
soil profile. Wetland systems are somewhat similar to werland flow 
systems in that most of the water flows, over a relatively impermeable 
soil surface- and the" renovation action is more dependent on microbial 
and plant activity than soil chemistry. 

. 5'''»5.2 Hydraulic Loadings \ 

Items to be considered in. selecting tl^e hydraulic loading include: • • 
1. . Detention time of applied wastewater 

2'. . Rate of Water loss from system by planned' pverflow or slow, 
^seepage 

3. System ' upsets due to washouts by precipitation or wastewater 
applications 



5.1.5.3 Nitrogen Management 

For. a wetland system, the following mechanisms should be considiered asv 
factors having an infldfence on nitrogen balance: 

1. Denitrification , . . 

2. Above ground and below ground plant uptake 

3. Dilution ' 

4. ' Sorption with living or dead material 



The bi.omass productivity of wetl-and systems has been, reported to be 4 to 
5 tons/acre (8 to 10 Mg/ha) in Wisconsin marshes>,-wi th other reported 
values ""up to 6.7 to 8 tons/acre (15 to 18 Mg/ha) [30]. - The total plant 
nitrogen uptake is extremely high since nitrogen contenlt of the plants 
may be from 2.0 to 2.5%;- however, the below ground portion of the plant' 
may contain 4 to 6 times as much*bi6mass as the above ground portion. 
Thus, the majority of the nitrogen content in the system i Sxjrel eased ah^; 
recycled rather than being available for removal by harvests The 
seasonal uptake and release 'by perenni'al *and .annual vegetation is 



influenced by th^ 7>itrogen cycling. In generai, natural wetlands can be 
classified as ;^^V)w:, in nitrogen availability, because their high organic 
cobtent- can serve as a nitrogen sink. Managed wetlands can facilitate 
bipmass production and harvesting] to provide an effective nitrogen, 
renibval mechanism. • 



The schematic diagram presented tn mgur 5-5 illustrates the principal 
nitrogen trarisfomations occurring 'in a wetland system. The overlying^ 
water and underlying organic soil form an aerobic-flfnaer«obic double- 
layer, thus providing i-deal conditions for biological nitrification- 
denitrification reactions to occur. 



\ 



FIGURE/5-5 

PRINCIPAL NITROGtN TRANSFORMATIONS 
IN WETLANDS [20] 
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5.1 .5.4 CI imatic Consi ||rations 



Climati'c considerations for wetland systems' are not well defined. 
Although wetland systems have been ut;iia^zed in locations from Florida 
[28] to the Canadian Northwiest Territories [26], the mechanisms involved 
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in - retention or removal of each wa'stewater component are uncertain.* A. 
wetland system in Wisconsin used for wastewater application is shown in 
Figure 5-6. / . - 



FIGURE 5-6 

WETLAND SYSTEM AT BRIUION MARSH, WISCONSIN 




Within the rangie of wetland system types, the phosphorus removals can 
vary considerably. For peatlarids, Stanlick reports 99% removal of 
phosphorus [27]. In Wisconsin, using man-rpade and natural, marshes, 
Spangler et al. report -30 to 40% removal on a year-round basis [23]. 
The removal capabilities are generally high during the growing season, 
-because the soils have a* high cation exchange cap^acity (about 105 
meq/100 g) and wetland plants account for luxury uptake' of phosphorus. 
Harvest of the above ground plant portions will remove some p hps ph'orus 
from the system; however, release from the below ground portion will 
occur duning the nohgrowi-og seasori^. 



, 5,K5.6 Trace. Elements- Removal , ' ■ 

Although extensive research has not. beerv dotife wi th' wetlands, the results 
of research from inetal accumulation in lake and rive/ sediments are 
generally applicable, Qrganic soils, may have high cation exchange 
capacities so retention shQuld be excel lisrft; however, jthe effects of pH 
on retention must be considered. ' ■ ' \ . 



. 5.1.5.7 Microorganism Removal 

The removal of pathogenic microorganisms, depends on the pathway for- 
water leaving ^ the site. .Systems that have no overflow and function by 
water seepage through a slightly periTieable soiVvill have excelT6nt 
remoVal, • of .all microorganisms- due to physical entrapment and, di.e-of f 
mechanisms. Surface overflow systems offer a less posijbive r:#ovaf , so 
natural (die-off as a function of detention, time, climate, and other 
enyironmental factors must be assessed. J^<^ , • 



5.2 preappl ication Treatment /. 

^ ■ y ^ ■ ' ■■ . ■ ■■ •)■ ■■; 

The design of preapplication treatment facilities involves three s^ps:: 

1. . Determine, the level of treatment requW'ed for the selected 

land treatment process and sit6 cpntlitipns . ^ 

2. Select a treatment system capable of meeting this level . 

3. Establish design criteria and perform detailed design of the 
selected treatment system , 



Only trte level of treatment required will be discussed, because the 
second and third' items are standard engineering' procedures that are not 
unique* to Isand treatment. 



. 5.2.1 Determination of Level Required 

,In general ,\ the . level of preappTication .treatment required is an 
Internal process decision \nnade by the designer to/ ensure optimum 
perfomance of the land treatment proceiss.* Preappl ication treatment may 
be necessary for a VarietV of reasons including (1) improving 
distribution system rel lability ,y (2;) reducing the potentiaV for. nuisance 
conditions,/ (3) obtaining a7 higher overall level of wastewater 
treatment, (4) reducing soil / clogging, and (5). reducing, the -risk of| 
public health impacts. The need for preapplication treatment to reduce 
Impacts on various' system components is summarized in Table 5-13. 



TABfE 5-13 
NEED FOR PREAPPLI-GATIOM TREATMENT 



.System • 
component 



Potirrtjal problems 



Odors and so1{ids 
'accumulation 



Starage 



Distribution Solids deposition 
system ori f i ce clogging 




V , , ...4 
Level of treatment arid mitigating measures 



Crops' 



Hydraulic^ 
loading 



Limited selection 



Reduced loading 
rate for rapid 
infiltration 



Public access R^UVfisk <lue 
to contact 



Screened^ 
Primary - 
Biological 

Screened - 

P.ri;imar7- 
ological 

Screened - 
Primary. - 
Btol ogical 

Screened - 
Primary - 
Biologfcal 

Screened • 
Primary - 
Biological 



- add aerators 
add aerators^ 



velocity control and larger orifice nozzles 
velocUy control . 

limit to high tolerance^ops (i.e., grass) 
limitto feed, seed, and fTbe'' crops 
- disinfect to suit individual deeds 

increased basin maintenance ^ ^ 
increased basin maint^sl^ance or use of vegetation 

■ .posting- and fencing or buffer zones or disinfectio/i 
postlrlg^artd fencing or buffer zones or disinfection 
disinfect for public accefes areas ^ 



a. Bar screens and cdmmiViution. 

b. Only for sfiort-term (.less than a-month) storage. ^ 

5.2.1.1 . Impacts During Storage 



The primary consideration for preapplicatidn treatment prior to storage, 
isffreduction of tjie potential for nuisance conditions. This may require 
reduction in the settleable solids and organic content of the wastewater 
to levels achievable- with primary treatment. This will minimize the 
possibility of nuisance conditions developing in the storage lagoon. 
Such factors as climate* length ofz-sto^-agfe^ j^^^ design will, 

determine the necessary/ -leveTi of ?^Of;>^.ediii|||^^^^ Storage reservoirs 
provide additional ; tm^titr. thii^o^^^ action, 
deposi tion of sol ids , an.d^ ohg-ti^m. pathogen^^d e-Wl^m^ }v , , Suppl emental 
aeration could, be ^ 
demand. An alternati^ 
double as 
should not 
is restricted. 



provided im^^reseryi^fr^ to ; 
i ve- concept woiJl d. be,, to. aeii|gn 



i^issive oxygen 
lagoon to 




■if- 
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5.2w4>^2 Impacts on Transmission 



Althougt^'transmTssioji of wastewater to the application site will usually 
not^^^ern the level of preappl ication treatinent, .the method of 
trartsmissi on should be taken into consideration* For systems' in which 
wastewatier is to; be pumped to the application site and no other, 
preapplication treatment is requi red,, coarse screening, diegritting, and 
comnjinutioh should be included. to avoid excessive wear on the" equipment/ 

• ■ . ' . ■ . ■ •' " • • ■ . ^ ■ , ■ 

5.2.1.3 Impacts on Distribution Systems / ' 

Preapplication treatment considerations for surface distribiftion 
techniques include c^barse and settleable solids removal to avoid solids 
depasitibn in ditches /and laterals. The need for disinfection will 
depend on the possibility of public contact wi€h the distribution 
system, . ' ■ 

■ ■ ; • ■ . ■•. .• ■ • • • • •■■ ■ ■ ■ ■. ■.• V • 

•Different criteria apply to 'sprinkler dtstribution systems. To avoid 
plugging of, nozzles, [it has 'been/^. recommended ' that the size of the' 
largest particle in /the applied wastewater be less than one-third 1^ 
diameter of Vsprinkler^f nozzles/Dll]. Removal of coarse and settleable 
solids as- well as g'rit and any oil and grease should be a minimum 
4)reappl;cation treatment level to maintain reliability^ in systems using 
sprinkler distribution. - ■ . 

. ' 5.2f.l.4 Impacts pn Slow Rate^pp^^s-t;1on ^ 

• / .• ■ ■ • •: ■ • '-^^^ ' ■ • • ' \ 

For slow rate system^, . hydraulic or nitrogen loadings will generally 
govern the system performance. Thus, fronj the standpoint of process 
performance and soil matrix impacts, preappl ication treatment for 
reduction of organics and suspended solids is not necessary. Industrial 
wa'stewaters with high organic strength Jjave been applied to land 
successfully, and data are available tb indicate that no significant 
difference i\overalT performance, was obtained when both primary and 
secondary effluent were applied under similar conditions [32]. 



Where the method of , appl ication is by sprinkl ing^Vl imits on aerosol and 
mist drift, should ^e considered. Preappl icatwn treatment such as 
primary. settliM, secondary treatment, and di^nfection all. serve to 
reduce the bacterial content of the effl uent and hence reduce the 
numbers of aerosolized bacteria. The need for Secondary treatment or 
dislnfectipri must be evaluated on a ca^e-bywcase. basis, taking into 
account (1 j the population density of the area, the, degree of public 
access to the.site^,, (3) the relative size of the i^ippl ication area; 
(4) the feasibility- of providing buffer zones 'br-pl antings 'of trees or 
shrubs, and (5) the 'prevailing cfimatic condittcns,.; . " 
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\ iFor Jbr^ge cr6|) irrigation, the need |ljf^di^ be balanced 

. against the Exposure risk, to the pUr^^^ or grazing animals from 
'pathogens in muiiclpal wa'stewater/ ^On tp basis of a limi-ted comparison 
; C) f : land V treatment wi th cdnventiohal treatment and discharge, it was 
concluded that the relative risks to the public Were- essentially the 
••^same [33]. Primary treatment f-ollowe|l /by surface application :t 
'I that is fenced has been considered i^'deciu^te to^^^^ 
> For. application to pa,rks, golf courses i and ar^as of ^public access, 
biological treatment followed by di si nfeGti on is often practiced.- 



^ T " |--- 'ilC/i^ 



M- ■ ■ ' ^■ ■■■■■■ ■ ^ 
5.2.1.5 Tmpacts on Rapid Infil\^ration Application . 

The potential for soil clogging is higher \iFar^^)^^ 
than for slow Irate system:^ due to greater o^^f^'aulic'Joading rates. As a 
minimum, primary treatment to remove coarse^^^d set^ 
be included as preapplication - treatmenty^^ R^^ Sdilds to 

secondary levels will increase the allowable hydraulic loadijng rates for 
redptd infiltration systems and a balance can/be achieved between the 
degree "of rpreappl ication treatment and the ^hydraulic loading rate. 
Algae carryover .from holding ponds or lagoons will increase the 
potential for soil clogging. The use of in situ pilot studies m3y fye 
required to develop soil res|)bnse relationships between liydrauTic 
Igading 4nq wastewater solids and organic levels [11]. 



5.2.1.6 Impacts on Overland Flow Appli cation- 



Because * ov^erland flow treatment is basicany.a surface phenomenon, soil 
clogging is not a problem, and high BOD and suspended solids removals : 
have been achieved with systems applying raw comminuted municipal 
wastewater X34] and Industrial wastewater with 616 mg/L BOD and 263 mg/L * 
of suspended solids [35]. Thusv preapplication treatment for removal of 
organics and solids would be necessary only to thfe extent required by 
other system components. The need^for predisinfection would be governed 
by consideration of the method'of distribution.' Low-pre^ssure, large- 
droplet, downward sprinkling nozzles and bubbling orifices or gated pipe 
distribution should not require predisinfection if public access is' 
controlled.' Postdisinfection of the wastewater\ninoff may be require'dV 
Because overland flow systems are less effective for removal of 
phosphorus than other land treatment methods, preapplication treatment • 
to enhance overall phosphorus removal may-be necessary if a low level is 
required in the collected ruhoff. - 

.5.2.2 Industrial Pretreatment • 



Piretreatment of industrial wastewaters discharged into municipal systems 
mayjy be required for sejjieral reasons, including. (1) prbtectioa of the 
collection system; and>M2) removal of constituents that would have an 
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adverse imp^tt von the treatment '''^syst^:^V;^^^^^ . paiss througlr the 
treatment proc6S5 relatively unchAipged, causing unacceptable. effluent 
quality. General guidelines- for pretreatment/ q.f industrial wastes 
discharged ; to municipal systems using conventiohaT secxjndary treatment 
have been published by the EPA [36]. • v 





for such constituents as fats, v;5r ease, and>^:;4t^^ to 
■protect collection systems and treatr^^V/ compoheats. 
requirfeinents: for conventional biological treatment will also protect 
land* treatment processes. . 

V lyyiT levels of sodium decrease, the \s6il permeat^ility. Pretreatment 
Wequir^ents may be necessary. for industrial wastes high in sodium, if 
* -xhe SAR* af the total wastewater >ftii-ght be increased to unacceptablie 
levels...; " ^ ' ■, ...-r ■ \^ / ^ i " . ■ r ' 

Plant toxicity - from metals is discul'sed in Appendix E and recommended 
maximum^ concentrations of tjrace elements in irrigation water have been 
previously presented in Table 5-4. Concern over accumulation in the; 
f.gpd ; chain is greatest fdr cadmium, as di scussed in Appendix E. The 
p<j,tervt1al for groundwater contamination from trace elements is greatest 
for rapid infiltration systems, although the ability of soils to remove 
and accumulate -heavy metals from such systems has been 'demonstrated [13, 

5.3 Storage'^ . . ^ 

There is a need for storage in many lana Jif'eatment systems because of 
•the effect of climate on treatment or an imbalance between wastewater 
supply' and application. Slow rate and overland flow systems may cease 
operation during adverse climatic conditions whereas rapid ^infiltration 
systems can usually continue operation year-round. An alternative to 

storage may be seasonal discharge to. surface waters. • 

... * . . . * 



5.3.1 -Determining Storage Needs 



The National 01 ifWfetijt^nter in Asheville, North Carolina, has conducted 
an extensive ^study of climatic variations throughout the Unitfed States 
and the effect of these variations on stpr'age requirements for soil 
treatment systems [38]; . Three computer programs, as pre'^ented in Table 
5-14, have been developed to estimate the storage days required when 
inclement weather conditions, preclude J and', treatnient system operation. * 



147 



O ■ • • • - / , J- 5-30.;-:^. 

ERIC ■ "'^ 



^ABLE 5-H 



/ SUMMARY OF COMPtitER^PROGRAMS FOR DETERMlNINS^^i:' ■ ■•^^' iirV^ , 

/ ' . STORAGE FROM CLIMATIG VARIABLES ■ ■ -' ■ -V^'*'^ '': 

.. ■ ■r ' .r. ■ i. ■ ■ — -. — : ^— — ■ . ■ . • 

■ EPA ■ . • .■• 
program;- . Applicabnity. Variables Remarks.- . . . 

■ ■ " . . —. : '• — 'p-r ; : ^ ■ *. ' ,• ' 

.EPA-1 Cold climates Mean temperatur^^^ Uses freeze^lndex . ' . ' 

■ \' rainfall , snow depth k 



EPA-2 Wet climates 



EPA-3 . Moderate climates 



Rainfall 



Maximum .and' minimum 
temperature, rainfall, 
now depth 



Storage to avoid 
surface runoff ' 

Variation of EPA-1 
for partVy -iPavor- 
able conditions 



Depending on the dominant climatic conditioTis one of the 

..^'.three computer prograflis will be most suitable.; The program best suited 
vivlto a particular region is shown in figure 5-7. The maximum storage days 
• ' . over ^the period of record ,.,fs' calculated ^s well as storage, days for 
Xrecurrence^jnl^erval s of 5^ IjO'i ap^ : ; 

The validity of any one of the computer stor;age pr^^ will de^^^^ 
the presietjce of adequate .data.f The' quality, ""^iimpleteness, and Verigth of, 
.recor^r;ya,rj& all important. -Assigning-threshold valjies and the tohfiderice 
. ^e^^^^^^ the output^: must be considered careful ]y^\n order to provide a 

"realistic estimate^bf required ^storage. To usle the^se-prograiiis 
the . National Climatic Center of the -National Oceainic and J^tmospheric 
Administration in Ashevill.e, North Carolina 281301; a fee is required.. 



5.3.1 .1 Determihing S.torage. irj^Gold Climates 



The Reoperation of 
affected adviersely 
to, 4 



a slow rate or overland flow.^^.system is likely to be 
if severe cold weather prevails for long .periods (2 



months). If annual crops are being .irrigated,. , then the growing 
season will determine the storage requirement. . Hpi!»^^ if perennials., 
such as grasses . and . woodlands, are irt^igited,. then : wastewater 
application will normally be stopped only by-frozen soil conditions. 
The EPA-1 program computes, a "freezing index*' iirtlch* provides. a measure 
of the intensity and duration of cold periods t^hat are likely to occur 
In the.. Northeast, the ^northern 'half of the Midwest, and parts of. , the 
Rocky* Mountain vjirea {s6.e . Figuiie 5-7). When, the index reaches 200 to 
300, the ground is. assumed to , be frozen and wastewater appl i cation is 
not recgmmended [39]. Limitations to , the use olk-feJti^'"^^^^ 
includef^ soil tempera tui^e. data, yearly^^yM 

variatfons, and differences in design aijd operating practices for; 
existing land tr^eatnent systems. 
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EPA-1 also computjps storage . bas^d on the favorable/unfavorable day 
analysts by assigning ;.threshol(t values to (1) niean daily temperatiLire, 
(2) daily precipitatlopi and 13) snow cover.. The storage req[uirement is 
increased by one day "^s flow pn days designated as unfavorably; according 
to the A.threshGld values. On a fjvprjable day, storage is* reduced by a 
fraction : of one day's fl.ow— the driawdrfwn ratex . A range of common 
•threshold values: used : as input; Ho„ the EPA-lV program is listed in 



Table 5-15. 



V. % , ; table: :|-T5, . ° 

THRESHOLD VALUES FOR THE EPArY STORAGE PROGRAM 



Parameter 


■•■f . - . . i 
% Favorable day 
threshold values V 


* ^ - •» 


Mean daily temiJeratajre, *F 


■ / >>25'-32- y • 


\ ■ V 


Daily pretipitato'bri, in. 


r-:. .■ .<0.5rKa- • 




Snow cover^^jin. . / »■ Vj,;; 


i. - . <i.o.'^ ; ""^ • ^ 

vi , .■ ,7; 




Drawdowrr rerte, % of averagfe 






flow ■ ., M 






.1*: 'in; -=-2.54 cm -..-. . •'' ' ; 

Determinincjr storage in frlpderate CI 1ma.te5/.v^ 



/To eistMate storage for-njoder^^^^ where winter conditions 

are less ^severe such as We'^^ t^^^ (see Figure -&-7),:EPA^3 

1 s recommended^ Thi s program vis;; more thamEPA-l i!n tJ\a:t 

minimum and maximum daily tOTpGratures^ instead *of the mearj 

dai\y ; temt)erature. Both tempjsrature/thre^ 

^.'rfay ; to .;be favorabje. , Howeyer,; 'if -y^ mUxImum^^^d^^^^^ tiefflpeTatur'e is 
exceeded, but the minimum 'tmperAtiUifV below;;the l.owerVthres^^^^ 
program assumes that it , .i s wari^^^^^ ope^atiqh, during:' 

portion of the* day> i <e. , a iEPA-3 i s orgahizecl 'so 

that Off- '^(iartlvx^^^^^ tiaysV 'sitorage. U incr^a^sed- by 

some . fraction lof/^^^t^^^ daily flow. The preoipitatlpn and jsno'w 
threshblds and • th drawdown rate act as they do.fpr EPA-1^^^^^ Weather 
.station data - for the above parameters are examined dufirfg/t^ qf 
November, ■ through ' April for , the ava'i>la^^^^ per ipd';ofvrecbrdv(2^^^ 

.minimum) ; ^ ' - • / • -v : . ' ^ :V , ; ' 

The drawdown fatei as used in EPA^S,,; i s the amount oiF wate^ applied on 
f avorabl e day$; i n :*addi ti on^ to* the. average dai 1 y f 1 ow. v|ri moderate 
climate's, thi^ parameter can si gnifit.afitivy reduce storage requirements 



but at the .expense of increasing land requirements. Availability and 
cost of the additiopal land will determineVhow much wastewater can l)e 
applied fcpm storage!;' : ^ * 



,5.3.1.3 Determining Storage'in Wet Climates 



Iji wet regions where a high pefpentage of tW anntial prectpi'ta^^^ is in 
the form of rain apvjd.the mean d'^^ily temperature seldom drops'below 32 ^F>' 
(O^Cj., the EPA-2Jj;stQrage program should be us.ed.. EPA-2*'accounts for 
prolonged wet pe;r;iods where rain can occur almost daily between the' 
months-^ of Noven^ber' and April . - ^JRegions where prolo^^ed wet spells limit . 
thetappl ication of wastewater are at locations along t\\^ Gulf states and 
the Pacific Northwest Coastal Region. Daily climatologJ^cCal data are 
e^iamined in an attempt^ to; identify days when the soil, i*s 'saturated aTid 
^an appl icattion of wa^tewa'ter would result In unwanted runoff. Any day 
where runoff occurl-^is tfefined as unfavorable and cjpnsidered a storage 
day. ■■ .■■^'■'■-y ■ "a- ■ ' t-^' — ' ' ■ ' 

The EPA-2 program' is an «^outgroWth of work by Palmer tOvdetermine 
'Gonditions of meteorological^ drou'ght for agricul turaV'purposes [40]. 
The rate at ^which excess soil moisture is depleted from the soil (the 
soi.l drying rate) ^ is approximated by the EPA-2 program to account for 
the long\teYm eff^'ct-s: of .extremety heavy rainfall. The program can be 
modified t6,suit diffei^'ent .soil conditions. 



'vi' 5.3.1*4 Determining Storage in Warm Climates 

In warm climates, such as the semiarid and arid southwest United States, 
'the climatic constraints to appl ication of . wastewa'ter' are usually very 

small (1 to ^ 5 days). In tIjasejsH total st-oragei may depend on 

'the balance between water su|i*p]y/arid appl ^ rate and the amount of 

^certain wastewater constituents, e.g., nitrogen that can be applied to 

the soil without exceeding. groundwater quaTity restrictions. 

irrigation water bal ance, which also considers nitrogen loading, can 
bte^"':*iLised to estimate cumulated storage nn warm clipiates for slow rate 
systems. The . water balance consists of th^^^ elements in the following 
equation: V. . . > *" " 

SrSitation ^ fp^pS'^^ ^ Evapotranspi ration . Percolation' ^ Runoff.; (5-4) • 



A .riip.nthiy evaj^uati^ of water balance is suggested due to seasonal 
yarfa^jbns in' component factors.- Of all the factors, precipitation is 
the mb^t unpredictable. A range of values that might be encountered can 
be established on the basis 6f a frequency analysis of .wetter-jthan- 
normal years itlne wettest in TO, 20, or 25 years may be reasonable) . 



.Whe'n using the waTter. balancei t6 estimate storage,- the recurrence 
.interval for precipitation' and evapotranspi.r^tion should be the same.. ^ 

• ■. • ■ • • ^" • * 

vAn" example of a monthly irrigation water balance to determine -storage 
requirements for . a 1 • M^al/d ^Aa.S/L/s): slow rate system is sho^^n^in 
Table 5-16, ' This water balaypce assumed* (1) precipitattiin ^ afld^ 

.evap6transpiVdtion data fo|? the wettest year 1^ 25, (2) ni1:rpgen ^s" 
l$mitfng' and separate'; calculations ^show.. that^ izo acres t48 ha) are 
required, (3) ' a perenn-ial grass i? ; grown and ifri^^ted. yeojf-round, 

' (4) tail water .runoff , from surfst^ application is corjjtaihed ifiC 
reapplied, and (5)- the storage reservoir is empty at the beginning of ^ 

.the water Vfear.v. ' ^ ^ # • ■ * ' # 



The maximum storage woul^d •be.22*7^n/ (58 cmV;in;the mon^ of Marcht 
calculated for an apfjpication area*:of 120 at:res-(48 ha)., yielding the 
required storage volume of 227 acre-ft (280^000 m3) or 74 d^^s flow* a»t 
;1 Mgal/d (43.8 L/s). • ^ * . • • . 



S.'^S.l.S lyigation' and^Consumpti^e Use' Requirements • 

In mild .climates j storage requir^ents could, be governed- by' the'^ 
management of crops tha.t are to :be grown. The Irrigation and 
^consumptive use requirenients shown in Table 5-17 for the Bakersfield,; 
California, 'slow, rate system illustrate how storage is affected by crop' 
selection. Jt should be pointed put that only a portion of the appl ied 
wastewater is actually constimed by ! the crops (or lost by 
evapotranspi ration) . . Some of .the wastewater will be lost by seepage- 
from irrigation, ditchql, from surface runoff,' and by deep percolation 
below the root zone in the field, this is reflected in table 5-17, 
where .^irrigation requirements are shown to be greater than consumptive 
use values. The U.S. Departmerft of Agriculture has estimated that on 
the average "^^^about 47% of the irrigation. water enters the soil and is 
'heia in the root zone where it is^ avail able, to crops. It also points 
out that .it is possiWe to attain irrigation efficiencies of 70 to 75% 
by pr'oper selection,'^ design, and operation of the irrigation system, 
.including prpvision for tailwater return [42]. - 

There are 'several months listed in T^le 5-17 when there is no 
irrigation requirement although consumptive useos indicated. In ttese 
cases, it; is assumfed that crop water needs are being supplied* by 
effective growing season precipitation ^and carryover soil moisture from 
winter rain'is, or pre-irrigation. 



■ " TABLE 5-16 ■ 

EXAMPLE OF STORAGE DETERMINATION FROM A WATER 
BALANCE FOR IRRIGATION [41]"^ > 
• . . Inches 



■s ■ 



Month 

0) 


pi ration^ 
• . (2) . 


All owabl e 
'percolation'^ 
(3) 


Water' 
1 osses^ 
(2)+(3) 

?(4) : 


Precipitation^ 
V (5) 


. Water 
deficit^ 
•(4)-(5) 
= (6) 


Wastewater 
avail able^ 
(7) 


Change i n , 
storage^ 
(7)-(6) 


• Total . 
storage . , 




Oct 


2.3 


10.0 


" 12.3 ' 


1.6, 


10.7 


9,3 . 


. -1.4 


. 0 




Nov . 


1.0 


. • T0*0 • " . 


11.0 ' 


2.4- r 


tf:6 


9.3 


•0.7 ■ 


0.7 




^6C| 

cidn 


0.? 


'' 5.0 


5.5 




2.8 


9.3 


6.5 


7.2... 




n 0 






' ^' ' 3.0 


2.2 


9.3 ' . 


r 7.1 


14.3 J 




Mar 


. -0.3^ / 
• 1.1 


5.0 

io>p 


. . 5.3 
IKl 


2.8 
3.4 . 


2.5 
7.7 


9.3 
9.3 


. 6:8 • 

1.6 


21.1 ' 
22.7 - 




Apr 


3;0 . 


' 10.0 


13.0 


. 3.0* ^ 


^ 10.0 . 


9.3 


-0.7 -, 


22.0 ' 




May 


3.5 . 


10.0 


13.5 


: 2.1 . 


11.4 




-2.1 


19.9 , • 


y 


Jun . 


4.8' 


10'^ 


' 14.8 ' 


• 1.0 / 


13.8 


-:.9.3 


-4.5 


15.4 




Jul 


6.0 


.rlO.O 


16.0 


0.5 


15.5 


9.3 


-6,2 


9.2 




•Aug • 


5.7 


•. 10. cT 


"l5.7 


i.i 


14»6 


' 9.3 ^ 


-5.3 


3.9 




Sep 


3-9 


.10.0 


13.9 


2.0 


11.9 


• ■ - 9.3 


-2.6 


;i.3 




Total 
" -* annual 


32.3 


105.0 


137.3 


25.6 


111.7 


.'111.8 









a. 
U. 

c. 
•d. 
e. 



"Precipitation and evapotranspiration data are entered int*o coluriins '5 and 2, respectively. 

On the basis of the nutrient balance to satisfy groundwater quality standards, the design 
allowable percolation rate is 10-in. /month from March through November and 5 in./monttt for the 
remaining months (cQlumn 3). ^ 

The wateii losses (column 4) are found, by summing evapotranspiration and percolation. 

The water deficit' (column 6) is the difference b.etween the 'water losses and the precipitation. 

The wastewater available ^er month (column 7) is 



Wastewater « 1 Mqal/d x 30,4 d/month x 36.8 'acre-in.VMgal 
available " ^ 120 acres " 



The monthly change in storage (colu1rin-8) is the' difference between the wastewater available 
(column^7> and'the monthly water deficit (column 6). 

1 in. - 2.54 cm . * .. * 

1 Mgal/d. = 43.'8 L/s 

1 acre .= 0.405 ha .< 
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. / , • * * • TABLE 

* IRRIGATION AND CONSUMPTIVE USE REQUIREMENTS FOR SELECTED CROPS 
AT BAKERSFIELD, CALIFORNIA {43, 
. • D'epth of Water in Inches . . . . 



Double crop # ? " ^ 

Pastures or^ilfalia" barley and grain sorghum . Cotton^ Sugar beets^ , 



Month 


Consumptive 
use 


'Irrigation 
Requirement? 


Consumptive 
use 


Irrigation 
requirements 


Consumptive 
use 


Irrigation 
requi ronents 


Consumptive 
use 


Irrigation 
requi rements 


Jan 


- 0.9". 


r.2 . 


,1.0 












Feb 


2.0 


2.7 


.2..0 




. . 


15« 






Mar - 


3.8 


• 5.1 


3.8 


6.0 








5.0 


Apr 


5-2 


7.0. / 


5.2 


. 6.0 






.1.0 


9.0 


May 


.7.0 


9.4 


2.6 




1.2 




2.5 


5.0 


Jun 


8i6 


• 11.5 




10.0. 


. 3.6 


5 


.5.0 




Jul ' 


; 9.4 


12.6 


4.5 


7.0 ' 


.7.2 


.12 


' 7.0 


%7.5^-^: 


Auq 


8,7 


11.7 


8.0 


12.0 


8.4 


12 


8^0 


.4!5 


Sep 


a.8 . 


7.8 


6.0 




6,0 ^ 








Oct 


4.3 • 


. 5.8 


■'3.0 




2.5 








Nov 


2.0 


2.7 




. /. . * 










Dec 
Tptal 


1.0 
• 58.7 


1.3 
76.8 


1.0 
37.1 
i 


10.0 

6a.o . 


• 29.5 ; 


4-; . 


23.5 


:. 46.0 



a. Estimated maximum consumptive use (evapotranspiration) of water by mature crops with nearly .complete ground* 
' cover throughout ttie year; _ ■ ^ . . • . ^- 

b. Barley planted in |iigvent)er-December, harvested in June, Qrain sorghum planted June 20-Ju1y lO^harvested' 
' in November- December. . . v »yh ^ 

c. .Rooting depth of mature cotton: 6 ft. Planting dates: March- 15 to April 20. Harvest: October, N^leraber. 

and December, . - . 

d. Rooting depth: 5 to. 6 ft. Planting date: January. Harvest: July 15 tq SeptemJ8r 10. 

e. Pre-irrigation should wet so^il to 5 to 6 ft rfepth prior to planting. * . 

f. ^ Pre-irrigatibn is used to ensjjre germination and emergence. First crop irrigations ar6 heavy in cxrder to 

provide deep moisture. * ' : ' ♦ 



5,3,2 storage Reservoir Design 

Most agricultural 'reservoirs are constructed of simple homogeneous 
(uniform materials) earth embankments,' -the design of which conforms to 
the principles of small d.am design. • Depending on 'the. magnitude of the 
project," staje regul^tionV" may wgoyern the design. In California for 
example, any reservoir with embankments higher, than 6,.ft (1.8 m) and a 
capacity in excess of 50 acre- ft (61 800 m3j is subject testate 
regulations on design'- and construction of dams, • and. pi ans must be 
reviewed and approved by the .appropriate agency [45], ^ Design criteria 
and • information 'sources are included in the U.S. Bureau pf Reclamation 
publication. Design of Small Dams [46]. .In many cases, it will be' 
■riecessary "^tbat a c6mp€'tent soils engineer be consulted fjojf .proper soil s 
analyses and structural design of foundations -and embankmehts. 



5.i# Di stribution 

The most common distribution techniques for 'land application fall within 
two major categories--sUrface and/- sprinkl er— the selection of which 
depends on the objectives of the pr/oject-and the limitations imposed by 
physical conditions such as topogr^hy, 'type of soil", crop requirements, 
and level of preappl ication tre^intent. ; 

Surface distribution ^ploys gravity flow from piping systems or open: 
di.tches to .*ilood thsl application area with several inches of water. 
Surface distribution is more suited to soils with moderate to lowintake 
r'ates. Control of runofr i s usually more of a consideration for surfacei 
.'distribution th'an for \pr inkling, as applications of 2 in. (5 cm) or 
less by- surface, methods are difficul t to apply uniformly. Graded land 
is esseatial to proper perfVmance of a surface system. 

' Sprin1<ler distribution simill^Ltes rainfall' -and is less susceptible to 
. topographic constraints than Surface methods. It is particularly suited 
to: irrigation of both' hi ^nly permeable and highly impermeable soils. 
Sprinkler distribution" may Ae - used to irrigate jnost crops and, when 
properly designed^ provide^ a -moreuniform distribution of water and 
greater flexibility in rarvge of application rates than i s available 'with 
surface distribution. liimitations to sprinkling include adverse wind 
conditions, "cloggjjTg . of nozzles wi th, solids, and preappl ication 
treatmenf requi rernenW* Sprinkl'ing' -also involves a 'significant 
'utilization of equipment an-d its capital costs are significan-tly higher 
than those.for surface distribution. ,s , ,. • • 



For all types "of distribution systems, the maximum flow requirement, of a 
given system and field area is referred to as the system capacity,, which 
is computed by the formula: ' . 



_ CAD 



where Q =\ discharge capacity, gal/min (L/sT 
C = Constant, 453 (28.1) , 

A = field area, acres (ha) . ' 

D - gross depth of application,, in. (cm) • ; . \ 

F = nurhber of days to complete one cycle i \ 

H = number of operating hours N • 

The system capacity is useful- for determining majt^nline itzes, pump 
.Capacities, storage requirements, 'and operating time-^ requirements. If 
•severe are involved with different loading requirements ivsysteriii 

■^laipdiQitA^s must be computed separately within the same pWiod of^ljime to 
. 'det^lSirmin^ to'tal system capacity. . ' ' ' 



5.4.1 jSurface Systems > v ^ «- . 

Surface distribution me.thcJd's -include^ ridge- and furrow irrigation, 
surface flooding - (border strip) irrigation, infiltration basins, and„ 
overland^ flow. The distinguishing physical ^features of these methods 
are illustrated in Figure 5-8. Variations of methojls employed in crop 
irrigation and the suitabilfty of each to conditions of us^ are 
summarized in Table^57l8. Similar criteria for the surface appl icatidn 
methods notvnormal ly associ'^ted with crop irrigatiori are summarized in 
Table 5-19.^ : ' : . 



5,4.1.1 Ridge and Furrow irrigation 

Ridge and furfow irrigationxconsists of running Irrigation streams along 
smal 1 channel s ( furrows) tordered ^by raise'd-^te^ upon which 

crops are grown. Furrows may be level ; of gr^de^/yStVaig or contoured.. 
A similar method is corrugation irrigati0'n,-'which consists of furrows 
..excavated from, the surface without creating r.aiised beds. To simplify 
this presentation, only straight, graded ridge -and furrow irrigation 
will be referred^to hereafter, as . its design considerations are 
applicable to all these methods. 



Tntake characteristics for furrow' irrigation are distinguished from 
those for border and sprinkler irrigation because the -water only 
partially covers a given field area, and moves both -downward and 
outward." intake characteristfts are best determined by inflow-outflow 



(a)RID8E AND FURROW IRRIGATION 



COMPLETELY FLOOOEO 




(b);jrpbDDtN6 (BORDER STRIP) IRRIGATION . 



EVAfORATION 



SURFAQE APPLICATION 



ZONE OF A E R| 
AND TREATH 

RECHAl 




WATfc'R TABLE 



'surface 
application—^ 



-V OLD WATEir TABLE 

|C) RAPID INFILTRATION . - 

Ej^APOiTATION^ 



GRASS ANO VE6ETAT1YE LITTER 

SHEET FLOW 




(d) OVERLAND FLOW 

■■ . 15'? :■ ■ 
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TABLE 5-18 . . * 
SURFACE IRRIGATION METHODS AND CONDITIONS OF USE 



[4.7] 



. . ■ ■-. j; V-.. 



Suitabilities and conditions of use 



Crops 



; FToodlnq ' . • . " 

\SFriiiT" ; . Grain r field crops., 

! r^ctangitlar orchards, rice 

■basins r 



Topography 



Wate^r quantity 



Soils 



Remarks ■ 



Relatively flat land; Can be adapted 
area within each basin to streams of 



should be leveled 



'various sizesx' 



•JLwge Grain, field crops, 

^,.reQt angular J rice • . 

■basins • .. 



Flat land; must be 
graded to uniform 
plane 



Large flows of 
water 



; -Contour 
r Checks 



Orcharjds, -grain, 
• Tiliie, for^Sge crops 



Irregular '^ind<,.i . Flows^gn 
slopes, less than 2X- .:;''*vthan l'/* 




..- .'I 



Suitable Yor soils^ 
of high or low 1n-~ 
take rates; should 
not be used on 
soils that tend to 
puddle- 



Soils of fine tex- 
ture with low 
Intake raftes 



Soils of medium, to-, 
heavy texturs that 
do not crack on 
drying 



Narrow'' Pasture, ^.-.^.^.^ 

borders'..- up i to^ .alfa.lfa;, viin^arrfi^ 
16 ft*i»itfip. ^^ orcffai^jds/.^ ; 



Uniform slopes less 
than 7.'. 



ModerateVy'*larg9-V\'^Us of medium to 
flows . .V" i-V^^^ 



Wide borders .Grainr, -JBIltfa , 
up to 100 ft .« orchat.^^'^']--, 
wide • ; - 



;yland' graded to yniform Large, flow.s', :);ip ' Deep soils of 
^?a.ne'.with:m.aximQm to. 20 ftV$ '/* ' n^dium to fine- 

.-^S^bpe'l^ss than 10^^^^^ " ' 



texture 



High installation costs. 
Considerable latJor 
required for Irrigating, 
When used for close- . 
•spaced crops, a high 
percervtage 'of. 'j>and . i s 
used for levees and . 
distribution ditches. 
High efficiencies of 
water use possible. 

Lower installation costs 
and less labor required 
/for irrigation than^^mall 
*^asins. Substantial.' 
levees needed. 

Little land grading 
required. Checks can be 
continuously flooded 
(rice), water ponded 

. (orchards) , 6r in^terr . 

•mittehtly flooded 
(pastures).. . • v.vV. 

Borders s houTid be i rt; : 
direction of .jjiai^imum'.-;' / 
slope. Accurate crbis-' 
leveling required' be twee4 
guide lev&s./; . 

Very. careful ^larid grading-. 
necess«(ry. Minimum of . 
laboi^equired for irri- 
g^^3fSn. Little inter- 
ference with use of farm 
machinery. 



■Irrigati on 
method 



TABLE 5-18 
(Concluded) 



■ . > 



Suitabilities aricf conditions of use 



Crops 



Topography^' 



.Water quantity 



Soils 



Remarks 



Benched 
, telrraces 



Furrow 

Straight 
furfowis 



Graded 

contour 

furrows* 

vCdfiTtjf'gations 



Basin . 
furrows 



i ZVtag 
'tftlrrows 



Grain, field crops> Slope up to 20!i 



Streams of small 
to medium size 



Vegetables, row • 
crops , orcliards , 
vineyards 



Vegetables, field 
crdps, orchards,' 
vineyijrds 



Close- spaced crops' 
suiCh as grain, 
pasture, alfalfa^ 



Vegetables,, cotton, 
maize, and other 
row crops » 

Vineyards, bush 
.berries, orchard^* 



llniform slopes ..noyjF,)(f 
ceeding Z% for 
yated ^rops V^V 

Undulating land with 
' scopes up to 8'i 



Uniform slopes of up' 
to 10 i 



Relatively flat land. 



..land graded to unifomi 
•r^ilopes of less than U 



Soils must be suf- 
fici^ifi'tTjf deep that 
grading operations^ 
will not impair, 
crop growth 



Flows up to . ^ 
12 ft3/s- ...i 



Flows up to. 
3 ft3/s . 



Flows up to 
1 ft3/s 



Flows up to 
&'ft3/s 

Flows required 
are usually less 
than for strjiight 
furrows - ^ 



Care must he. taken 
constructing benche: 
providing adequate 
channel for excess 
Irrtjga,t1on water 
properly managed 
of water can resu 
serious soil eroi 



Can be used on all 




soils if length of 
furrows is adjusted 
to type of soil 



Soils of medium to 
fine .texture* that 
do. not crack j)n 
drying ' \ 

■/'V 

Best on soils 6f 
medium to fine' 
texture* 




Best sul^w^fofi^/rops that 
cannotyoe flowed. High 
Irrigattfn efficiency • 
possiDDe| Well adapted to 
mechanHfed farming. < 

Rodent control 1s*esseht1al . 
Erosion hazard from heavy 
rains or water breaking qut 

Of furrows. High labor 
fejuirement for Irrigation. 

High water losses possible 
from deep percolation or . 
surface runoff. Catre must 
be used in limiting size' of 
flow In corrugations to 
. reduce soil 'erj^ion. Little 
Varid grading c6(jui red. 

lar to stiiaTl rectangular 
ns, except crops are \ 
planted on ridges. 

This method is used to slow 
the flow of water in furrows 
to increase water penetra- 
tion into soil .. 



TABLE 5-19 

\ • • •■ ^ • . . ■ . ■ 
vNpNIRRIGATING SURFACE APPLICATION METHODS AND CONDITIONS OF USE 



, ' Sultabil^ittesi and conditions of use 



Application ^ ^ ^- 

method /Vigetation Topography .Water supply Soils, Remarks 



inf!lfr.finn * ^^''^""^'^ Relatively flat Hay be relatively. Coarse texture ^ater applied on inter- 

.Infiltration grasses to irregular., - large, soils , and t^gh infiU- mi ttent basis to maintain 

- . . , permitting tratlpn /rates permeability, tff ten less 

: -r ; v' - lapd preparation than 

: . ■ •.■ ;^ ; ' \\}^'^ . ^'.r^'-K- ."^st irrigation systems. 

^;,^werl:ar^lv^^ . Perennial . • .iMifdrmly gV-aded Moderaltely large Limited , ' ■ Land must be smobth'Ho 

'Tiil V?? With slopescfrom flows with high permeability " athi^ve sheet flow'^ 



i^i^J^^'i"^^^^^ : ^ to 8% ' percentage of, ; / witKout t)onding r :' 



.■■ ^ ■■■ . ^■'■'■'V.^^:-. V riinoiFf 



/^^^^^bl^Wr-'cpntiriuously wetrro^ cohditijons-. V / . ^ 



inns. 
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measurements in the field* Design application rates are then based, on 
these results* Furrow intake rates are usually expressed, as flowrate 
(gal/min, L/s) .per unit length (lUO ft, 100 m) of furrow. Application, 
' rates; are usually expressed as flowrate per furrow,; or furrow stream 
size. 



Other factors of /critical importance for design of ridge^ and furrow 
irrigation iare: furrow stream size [48, 49, 50], furrow lohgth (Table 
5-20), furrow slope [47], and- furrow spacing "iTable 5-21). . 

' TABLE 5-20 ; ' 

■ ' ■ • ^ / • 

. ' SUGGESTEB-MAXIMUM LENGTHS OF CULTIVATED FURROWS FOR DIFFERENT . 

SOILS, SLOPES, AND DEPTHS OF WATER TO BE APPLIED [47] / • 

. Feet 
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Avg )depth of water applieS, in. 



tjlays " ' -'^psms;;.^ . / .'Sands 



Furrow, 
slope, % 


. 3 


A 


..g 


12., 


.2;\: 






■ 8.. 


2 


3 


4 




■5 ■. 


q.OS; 


1 boo. 


:;r;|po 


U 300 


1 300 






/V3bD 


1.300 


2P0 . 


. 300 






600 = 








J;,5bo 


1 '600 


66o:^- 






l^QP, 


: 300^' 


^400 






700 : 


\- 0.2, 






:ri' 700 


2 000 


700 


1 200'. 


:ym 


if da' 


"400 


600 


800' 


:i 


000 


0.3 


,'1 '300: 


} 6oo: , 


'l2 poo ' 


2 600 


gfQo - 


1-300. 


1 600 


.1 '^goo 


500 


700- 


900 


1 


300' 


0.5 






1 800 


2 400 


900' 


1/200 


1 500 


1 700 


400 


600 


.|[0 b • 


;i. 


000' 


1.0 _ 


■ '900 ■ 


1 300^ 


1 600 


. 1 900 


■800 


li.ooo 


.1 2oq;, 


1^500. 


30Q 


500 






80.0 


1.5 


800 


1/100 


-1 ■ 400: 


1 600 


700 


900* 


1 10$ 


1 300 


• 250 


400 


600 




700. 


,2,0 


700^ 


/ 900 


i.fob. 


1 300 


600 


■• 800 


1 000 . 


1 100 


200* 


300 


.500 




600. 



1 ft = 0.305 m 
\ in. •= 2.54'cm 



.; TABLE 5-21 . . • 
•OPTIMUM FURROW' OR CORRUGATIOti' SPACING [49]' 







s •■..>■■ 

^' Soil condition' } 


Optimum- 
spacing, in. 








Coarse sands - uniform prof i le *^ 
Coarse sands - over compact- subsoi Is 
- /ine sands to sandy loams - uniform 


12 
18 

■24 






1 


Fine sands ..io sandy loam^ - over 
'more compact subsoils . , . / . 


30 . 








..Medium sandy-srlt loam - uniforiS^' 


36 : 








Medium s'andy-si.li loam - over . / 
more compact subsoils . 

* ' Silty clay loam - uniform 

Very heavy clay soils - uniform^ 

• ■ : — _ — ^ : 1. 


■ . : :.o 

. f ■ 48 ■ 
36. 








• ■ ' . " . ' "' '*/ ■ 

1 in. = 2.54 cm . ' ^ 




















,, ., ^44 .', ■ ■ 







• The distribJrtiQfi 'i/stenis masl^i commonly ' uslff^j'or f^lifge 'and furrow'"^ 
irrigation > cfftisis;[;^:of .cfpen di t^ils, wi th si ph(w ja||i5 "( see f igure 5-9)# 
or gated sHTflce piping' system (see F1gure^57lO)lfpfte open- ditch system ' 
may be, ■ suppl ted, by distribution ditches, or canaVs^lth turnouts, or by' 
bun ed pi pel fries •. with \ yal ved, . ri sers . ^..Gated; iiurf ate' pi pi ng . systems; 

^•generally consi'st^of aluminum pipe witbrfrtul.tiple^ated outle«?-, b^^^^ per- 
furrQw. Tftig; pipe is connected to hydrants which are secure^- to- v 

" r1ser?_from undBrgr6und p.ipi>ng -SystetBs. — . . • ;m * 

■.■ : ■■ - .. ■ ■ ■ ■ ■ 

^ FIGURE 5-9 : . V'' f : ■ . -^v . 

■ ■ ■ ^ ■ ■> • t ::■ . ' ' . ■■ ■ 'j/ri. ■ ^■ 

pASTIC SIPHON TUBE FOR fURROW. IRRIGATION " v^'^Vi ; :: 





5.4.1 .2 SurfaceAFlooding Irrigatimi 



Surface flooding irrigation cpnsists of directing a sheet flow of water 
along border strips, or cultivated -strips of 1 ana bordered by small 
levees. This method is particularly/suited to close-growing crops such 
as 'grasses that can, tolerate peripdic inundation at the ground surface. 
The boraer strips usually have si ight, i f any, cross si opes, and may be 
level or graded in - the direction of fl ow. Border strips may -also be 
straight or contoured. For purposes of , illustration, only straight; 
graded, . border irrigation will be included in the design considerations 
.that follow./. Detailed' design procedures developed by the SCS -for the' 
various types of borders are given in :Chapter-4, Section- 15 of the SCS 
Engineering Handbook [51].' 
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Application rate f6r border irrigation is dependent\on thelspi^ 

rate and physical features of the strip. Wat?r<;lr a|?p^^^^^^^ 

manner as in ridge . and furrows irrigatiani-^oweverf it^^ 

normally -shut off when' it has advanced^l5ut*t5% of t^^ 

border. The . objective is to have/sruffrcient wflte^^^^^^^ 

border after shutoff to irrigat^fie remaining ler^gth o^ 

proper depth wi th very 1 i ttl e^r^jnoff . Theoreti calTy, it' i ;pos si bl e to 

apply the water nearly unif<miVy along the;border using thls^^^ 

However, actually achieving uniform disth'bution^^ w^^^^ 

requires a good" deaK/of skill and experieriice . o^^ 

oper^t&r.' Minimi^a^on^vof runoff , is' somewhat t^s? . crii-tGalV 

tall.'water returij^stems are used. 

The widths of border strips are often selected for c<jmpitibiTity. w^^^^^^^^ 
farm imp Vements,' but the;^ also depend to a certain extent upon slppe.:,, 
which affects the uniformity of distribution vacross.the, strip. A guide; 
for estimating strip widths based on grades in the direction of flow i$ 
presented in Table 5-22. 

Other design factors for a boiler strip system are similar to those. of 
ridge, and furrow irrigation. These factors include intake character- 
istics [51], border strip"^ lengths and slopes (Table. 5-23 and 5-24). 
Another factor, influencing, design is surface roughness, which is a 
measure of resistance to flow caused by soil and vegetation. . .. 



REeOflMENDED MAXIMUM BORDER STRIP WIDTH fs 13 



>Irrigation Maximum strip 
grade*, % width-, ft 



■•■ . ".0 :'■ ■•• 


200 . 


■•■ : ■■^■^ ■ ^' • ' 


0; 0-0.1 


.120 - .^ ;■ 




^0,1-0.5 : ■ 


' :6o: 




^ 0.5-1.0 ■• ■ ' 


; 50 ■ . 




1.0-2,0 


40- 




2.0-lo-^ . 


30 " 




4]^:6.0- 


20 




' .. ^ ■ 

1 ftM b.305:m . 

» 






'table 6-23 ^ 





DESIGN STANDARDS FOR BORDER STRIP IRRIGATION;' 
■ : DEEP ROOTED CROPS [47]: ^^ , ' , 



■ ■ ' 4Jnit flow' ■ ■ ■': ^ , ■ 

- per foot of 4':Avg depth Border.strip;- ft • 

Soil type and strip width of weter ~ 

infiltration rate Slope^X i;t3/s :; Wpl jed^ inV Width, .Length . 

SaQdy, 1+ in./h ^ . 0,2-0.4V\ 0.11-0.16 v- ^4' .: 40-100 ^0^^300 ^ 

0.4-a.6 0:09-^. n . . 4' - . [ 30^40 20$.300 

• 0,6-1.0 0.06-0. 09.AA - .4/ ' :20-3a . 2^0 

' • ■' ■ ''■ ' . ■ "■■ ■■■■'y-' ''■ ' ■ ■ .■.'}>• ■ ■ ' 

Loamy sand,. 0.75- 0.2-0.4 ,. 0.07-0,11 5 . 40^100 250-500 

1 in7h 0,4-0.6 . .0,06-0:0^?^;- .5 ' . 25-40 -^250-500 ^ 

0.6-1,0 .0.03-0.06 25 250 

■ V ' 0 : :■ 'X'^-v .■ . . ■■■ ,. . . . . ;. ■\.: ■- ■ : ■ .. ', 

Sandy loam, 0.5- 0.2-.0.4. 0.06-0.08 • . . 6. 40-100 300-800 

■0,75 in,/h ; 0.4V0,6. p.Q4-0J)7- : ^- ^ 6^^ -20^40 / 30O-6O0- . 

■ ^\ 0.6-1.0: 0.02^0.04 6 20 ' 300 ' 



-0' 



• ,^ V ...^.^l.ay^loaiTi, 0.25- ,0^-0:4, 0-.03,0^^M ' : ^0-100- 600^1 OOO" 

■■■ • .•^0..5■tn./h ,^ .0'.4-0;,6-- :O.'.02-0:03 c. 7. . ; 20-40 300-600 

o ;- : ■■ >: ■ . .■ ■ ■ •. ■ . / 0.6rl^^^^ 20 X .-SOO .,- 

ySj-;": ' ' < Clay/ o;^o^r: ^ .; 0.2-^^^^ > 0.02-0.04- , : . 8 . . ■' - -iOrioo''#2dw'i-:' 



^vf .1 ft3/s = 28:3 L/sf; : . . ■■ ■■■■■ ■ , ■ ■ v:- ■ 



, ■ -. . . -1 ft,=;0.305 m ....... 



■ ■ . » ' 



] in. = 2.54 cm 
1 ft, = 0.305 m 

■ -V/ihe,: dtstribution syst6m,s, for_^ stjr|acie flo(Mry§:j^^i\on are basital ly 
; the same as for ri^^i. . ancl- practice In " 

■ sy.S-tisj)fi ; 1 ayouts is : i*:-^l.Q.date ihe1vferti6|tT|,j^^ at 
. spatings equal, .to . the%- bor^di^i^'IstPi^ 'one .valve, supplies.. 
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. : TABLE 5-24 

■,. . ' DESIGN STANDARDS POR BORDER STRIP IFl^iWION,. , 
■ SHALLOW ROOTED CROPS [47]'' ■ v ' 



foil profile 


Slope, % 


Unit flow 
per- foot of 
strip width, 
f tS/s 


. Avg depth 
of 'V/ater 
applied, in. 


1 Border strip,, ft 
Width Length 


Clay lo^m,' 24 in. 


0.15-0.6 


0,06-0.08 


2-4 ' 


15-60 


300-600 


deep over per- 


0.6-1.5 


0.04-0;07 


2-4 


15-20 


300-600 


meabTe subsoil 


1.5-4.0 


0.02-0.04 


2-4 


J 5-20 


300 


Clay, 24Tin. 


0/15-0.6 


. 0.03-0.04 


■^■•4-6 


15-6Q 


600-1 000 


'deep oyer per- , - 


0.6-1.5- 


0.02-0.03- . 


4-6 


15-20 


600-1 000 


meable subsoil 


•..1.5-4.0 


•0.01-0.02 . 


4t6 


15-20 


600 


' Loam, 6-18 in. 


•1.0-4.0; 


0.01-4.0 


•■ ^ ■ 


, 15-20 


300-4 000 


deep over ^ 











hardpan 



1 ft3/5 = 28.3 L/s . ' ^ ^ ; 

1 in. = 2.54 cm- • ... 

1 ft = 0.305 m . . 

each strip, and is preferably located midway between the borders to 
provide unifonn distribution across the strip ( see Figure 5>11 ) . For 
strips havirjg widths greater than .30 ft (9.1 m) , at least two outlets 
per strip will ensure good distribution unifomity. Use of gated pipe 
provides idiuch more unifonn distribution at the head of border strips and 
allows the flexibility of easily changing "to ridge and furrow irrigation 
if crop changes are desired. 

■ ;.. , ' ■ '■ % 

5.4.1.3 Rapid Infiltration Basins 



The design of. rapid infiltration basins depends on topography; when 
subsurface flow is to a * surface water body, the basin shape and the 
elevation difference between the basins and the surface water are 
important. The basins are usually fonned by constructing earthen dikes 
or by excavation. * 

Control of subsurface flow and recovery of renovated water 'are essential 
considerations for proper design of a rapid infiltration systems. If 
discharge to permanent groundW^i tec is not feasible, a recovery system 
should be planned to withdrav^ the renovated water and reuse it^for 
irrigation or recreatipn or discharge it to surface waters* Methods of 
recovery include ^underdrainage systems, pumped wi thdrawal , and natural 
.drainage to surface waters; ' 
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. .FIGURE 5-11 
OUTLET: VAUE FOR BORDER STRIP APPLICATION 




Where natural subsurface drainage to surface water is planned^ 
groundwater table mus%- be controlled to prevent grffUndwater moiind] 
The ^Mifer should be able to readily transmit the renovated water 
from £he ir\fiTtl^tion site. Bouwer, [52'] sufgests the following equation 
for determining .the required elevation difference between the j(/ater- 
coufse and the spreading basin. ^ # :' ■ ^ 



ere 



WI = KDH/L 



(5-6) 



W = width of infil tratipn area, ft (m) . • 

I = hydraulic loading rate, ft/d (m/d) * . " ^ 

K^.r permeabil ity of aquifer, ft/d (m/d) 

Q''^ average thickness of aquifer below water table perpei^dicul ar 

to fl oy^ direction, ft (m) . 
H = elevation difference between water level in 

maximum allowable water table level below 

ft (m) 

L •= distance of lateral flow, ft (m) 



stream or lake and 
infiltration af|[^. 



The relationships of these parametys are indicated in Figure 5-12. The 
product WI defines the amount of the applied ^vater for a given section' 
and .thereby;contrDTs the infiltration basin sizing. Thus^ if the; amount 
of applied water is controlled by. groundwater considerations, relatively 



large hydraulic loading rates (I) may be einployed .by utilising 
relatively narrow (W) basins. 

■ ■ ■■■' *.,, * / . ■ . * , 

J . . - • . :. ' FIGURE 5-12 ., " . 

^ /NATURALDRAINAGE OF RENOVATED WATER ' . ; 

.• ; , ^ INTO SURFACE WATtR; [52] 




"^^^ ^mPERHEA-BlE 
LAYER . 



Basfn « siztog ' includes consideration of the amount of usable, land 
available,^ the. hydraulic, lo^iding rate, topography, and management 
flexibility. Sizing may also be influenced by groundwater considera? 
tions 36 discussed . in . the previous .paragraph.. In order to operate a 
system on , a continuous basis, a^least two basins will be required,, one- 
for flooding and one ,f or drying, unless sufficient storage^ is available 
elsewhere in the^ system. Multiple basins are desirable to provide 
flexibility in the management of the system. •* \ 

■ ' ^ ■ ' • / , ■ 

•if*" ^ /f * ^ ■ ■* 

Basins should be relatp/ely flat- to allow uniform distribution of, 

applied water over the surface. "Thus', vihere .sloping lands ^ are to be 

'utilized^ . terraced basins may be required. * Cross, slopes^ and 

longitudinal slopes should be on the order of those used for border 

irrigation. Basin widths and lengths are cwitrolled by ,sl opes:, n'umj)er 

of basins 'desired for mapagement, distributioii system hydnau^cs, "and a^ 

previousl^r discussed, water-table restrictions. ^ . 

^ . ' ^ .•■ ■ ' ■ -V ' ^ ■ " •• ' v 

Ttie type ol^b^sin surface halfueen the subje'ct of .considerable dej&ate 
^and the relative advantages and^disadvantages should be weighed on a 
case4^y-case basis. T^e suj^ace-iway consist of:"5arre soil f or it may be 
covered\ with vegetation, wie advantages of . vegetative cover include. 
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maintenance of infiltration rates, .reniQval . of suspended 'solids by 
filtration, additioiwl nutrient removal if the vegetation is harvested, 
and possible prpmbtion of deni trification. Among the disadvantages are^ 
increased basin' maintenance, lower depth' of- application ' to avoid 
drowning the vegetation,, and shorter periods of inundation to promote 
growth. At Flushing Meadows, it was found that^a gravel covered surface 
reduced the infiltration capacity of a basin [53]. This was attributed 
to the mulching effect of the gravel , which prevented the drying^flf the 
underlying so\l . 

The' distribution systerti for infiltration basins is often-similar io that 
for surface irrigation, although sprinklers have been used. The purpose 
of the distribution system is to apply water at a rate which will 
constantly flood ' the basin throughout the application period at a 
relatively uniform depth. Effluent weirs .may be used to^ regulate the^ 
depth* of applied water* The discharge from the weirs is collected and 
distributed to holding ppnds/for recirculation, or to other infiltration, 
basins. Water may be conveyed to the b'asins by pipeline or open channel- 
systems. If "equal . flowV, distribution is intended for each basin, the 
distribution line or. -channel supplying the outlets to parallel basins, 
should te sized so that hydraulic losses between. the outWts will be 
• insignificant. Outlets may be turnout gates from open channel-s or 
'valved risers from underground piping systems. 'A basin outlet and 
splash pad are shown in Figure 6-13. 



FIGURE 5-13 
RAPID INFti-TRATION BASIN INFLUENT •STRUCTURE 



• 5v4.1.4 Over! and Flow ' - ' ' ' - ' ' " : 

* • ^ 

Overland flow distribution .is accoippl ished by applying wastewater 
uniformly over relatfyely iinpermeable sloped surfaces which .are 
vegetated. Although most common method of'distrib'ution is^with 

sprinklers, surface metKads. such as gated pipe or bubbling orifice may 
be used (Section 7.1.1); /Gravel may oe necessary to djssipate energy 
and ensure unifonn distribution o-f water from these surface methods. 

Slopes must be steep enough^ to prevent pondi ng of 'the runoff-, yet mild' 
enough to prevent eros^ion and provide sufficient detention time -^pr the 
wastewater on tjie slopes. . Experience at Paris, Texas, has 'indicated 
that best results are obtained with^ slopes between 2 and 6%" ['54]. A 
slope of 8%, used at. Utica, ' Iti ssiss.ippl, -is shown in Figure 5-14.' 
Slopes must have , a uniform cross slope and be free from gullies to 
prevent cha^hneling and allow uniform di striDutipn over the^jslii^face. The 
network ' of slopes ana terraces that make up an overland flow system may 
be adapted to natural rolling terrain, as. has been done at Napoleon, 
OhioHl]. -. The., use of this type of terrain :^will minimize ' land, 
preparation^costs. . . " 

" ' ■ ■ ■• . ' ~ ■ ■ f " 

. FIGURE 5-14 ^ ■ . >. 

• / ' . OVERLAND FLOW SLOPE (8%) AT UTICA, MISSISSIPPI ' 



5.4.1.5 '"Di str.fbutioTi System Design ' 

Watjer is normally conveyed/ to surface distribution systems'by canal s 
(lined, and unlinedy^^or pipelines whose design^ si:aftdar<ls are published by 
the ' American Society of Agricultural Engineers (ASAE). Design standards 
for flow control :. and measurement techniques 'are al so. included in the 
ASAE standards. • 

The methods of flow distribution to the fields include turnouts, siphoji 
pipes, valved risers, gated surface pipe^ and bubbling orifices. 
Turnouts are circular - or rectangular openings which discharge flow 
directly ^from open dih:ches, canals, or openl concrete pipe ri-sers. Flow 
IS controlled by slide gates, and discharge capacities are normally 
restricted to velocities of 3 ft/s (1 m/s) or less. 



Siphon pipes'are steely aluminum, or plastic tubes ( shown previously in 
Figure 5-9) used to siphon waters from open ditches to supply furrows 

•with: irrigation water. Flow fcontrol is accompl i shed by combinations of 
pipe sizes or varying the number of pipes used. Although siphon pipes 
often require th^ least capitavl expenditure for distribution, operating 
demands are significant due\ to the amount of handling and the 
requirement for maintaining mir\imum water levels in the supply ditch to^ 

''ensure continuity of flow. 

Valved risers are ^ verl;ical concrete pipe risers attached to. buried 
concrete pipelines and are used for surface flooding irrigation or 
discharge^to gated pipe hydrants. Flow is controlled by a simple wafer- 
shaped • valve which is adjusted ^by a threaded stem. The more common 
valves are the alfalfa valve (mounted on top of the riser) and the 
orchard valve (mounted inside the riser).' Typical cross-sections and 
capacities of these valves are shown in Figures 5-15 and ^-16. 

'Gated surface. pipe, which is attached to aluminum hydrants, 1s aluminum 
pipe' with multiple outlets. The pipe and hydrants ape portable so that 
they may be moved for each irrigation. As. described' in the precedinig^ 

, paragraph,, the hydrants are mounted on valved risers. Operating handles 
extend through * the hydrants to control the alfalfa or' orchard val ves 
located in the risers. Control of flow is accomplished with slide, gates 
or scr^w adjustable orifices at each outlet, ijie outlets are spaced to 

.jnatbh furrow spacings ana are usual ly ifabrifij^te^ to order. Gated outlet 

'capacities vary; with the available head a^the gate, the velocity of 
flow passing the gate, and the gate opening. Typical gate capaci ties'of 
standard gated pipe for various 'flow velocities are shown in Table , 5-25. 
Hydr^rit spacings (and valved riser spacings) are controlled eith'^riby 
the isosses in the gated pipe or by widt^hs of boraer strips when 'border 
and furrow laethods are ..alternated. \ 



■' \< ■ 




• , - : FIGURE ^-15 
Al,FALFA VALVE CHARACTERISTICS 
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CPNCRE;(>E RISER 
fftOM LATERAL 



.CROSS SECTIdNAL VI|N 



•SIZES'/ftlD RECOMMENDED MAXIMUM DESIGN,' CAP'AC I TIES 
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. b. 'Can be used where higher pi^eTs^IJf^^^*^!*^^^^ 
are availabV^ (hydraMj^. gradi^ent 
2.5 ft above groundij^lyj£e 
. ^ cautions are taken^Ep^SSnt 
^ erosion (ponding 

1 in. = 2.64* cm \. 
1 ft3/s = 0.284 ni3/s 
1 ft = 0.305 m ' 
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FIGURE 5-16 



. -fcit "'' ORC^^^^ CHARACTERISTICS [55] 




1 ft -.0.305 



SIZES AND RECOMMENDED MAXIMUM CAPACITIES 




. . . 



Inside diar^ieter 
-of riser, in. 


Diameter of 
valve outlet, in. 


Approximate design 
capacities, ft^/s . 


Low head^ 


•Higher head^ 




1.5 


0.04 




,0.08 




2.5 


0.12 




■',0.23 ' ,,H 




3.5 • 


0.23 






' . 6 


0.67 




V 1.34" 




^5 


0.46 






. .8' 


8 


bT8 




0'.93^ 




6 


0.67 




1..34^''"' 


■ . ' 10 


6.5 . 


0.78 - 




1.57 


■ ; 10 • 


10 


1.85 




3.71' 


' ' ""^ 


8 


. i.ia 




2.37 


' 12 * 


12 ■ 


2.67 


:5V35- 



a: Usual design with hydraulic gradient 1 ft above ground. 

b. Highisr head design wfth hydraulic gradj^ent 2.5 ft 
above ground. 

1 in. = 2.54 cm 

1 ft3/s = 0.0284 m3/s 

1 ff = 0.305 m • " . • * . 

' ■ * ■ . • • : -n'' • ' ^ 
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DISCHARGE CAPACITIES OF SURFACE GATED PIPE OUTLETS [56] 
', Gallons per Minute . . 



Velocity 
in pipe, 

ft/s' 


Head; 
ft 






Gate operring 




a 


Full 


3/4 


1/2 


1/4 . 


1/8 


J/16 


■ * ■ 


1 


/IQ Q 
»4o . O 




22.8 


10.6 


c n** 
b. 


C . J 






6/ . 2 


cn n 
50.0 


32. 3 


.15.3 


7.0 


.3.2 


•• 


J 


on T 
oU . I 


60.8 


39.1 


18.3 • 


8. 5 


3.8 . 






07 7 
0/ . / , 


by. b 




91/1 


9.7 


4.3 




5 


94,2 


77.1 


50.-6 


23 . 7 


10.7 




1 


1 


45.3 


32.8 


. 21 .3 


10.2 


4!9 






2 


63.7 


47.1 


30.8 


14.9 


6.9 


3,1 




3 


76.6 


57.9 


37.6 


17.9 


8.4 


3.7 




.4 


84.2 


66.6 


43.8 


21.0 


9.7 


4.2 - 


e 


5 


90.7 


74.2 


49.1 


23.3 


10.7. 


4.7 


3 


. 1 


40.0 


26.7 


18.2 


8.8 


4.3 


2 . 1 




2 


56.4 


41.0 


27.7 


13.5 


6.3 


3.0 




3 


69.3 


51.8 


34.5 


16.5 


7.8 


3.5 




^4 


76. 9 


60.5 


40.7 


19.6' 


9.0 


4.1 




5 


83.4 


68.1 


46.0 


21.9 


10.0 


4.6 . 



. 1 gal /mi n = 0.063 L/s 
1 ft/s = 0.305 m/s 



Bubbling orifices ay^e small diameter outlets from laterals used to 
introduce flow to 'overland ilow, systems .or checks at low operating 
pressures. . Such outlets may consist of orifices in the laterals or 
small diafmeter pi"pe^ •s.tuDs attached to the laterals. Outlets may range* 
from Uib to 2 in. (1.3?' to 5 cm) in diameter, the capacities of which are 
regulated^ by the available head. 

~ - -&;4.2 Spijinkler Sy stents ^r^r"^ ~'^^ ; ' 



Sprinklers Can b.e for all types of land treatment systems. ''Itie most 
common types of sprinklers may be categorized as hand ^moved, 
mechanically moved, and permanent set. .The b'asic layout features of^the 
various types of systems are depicted in Figures 5-17, 5-18, and 5-19. X 



The more significant design Qonsiderations for sprinkler system 
selection include f iel d conditions ( shape, slope, vegetation, and soil 
type), climate, operating cond-itions (system management), and ecjonomics. 
These considerations are sufrtmarized in Table 5-216.,* / 



FIGURE 5rl7; : 
tao MOVED SPRINKLER SYSTEMS'. 



PREVIOUSLY 
IRRI6ATE0 
' AREA 



PUMP 



LATERAL WITH MULTIPLE 
SPRINKLERS 



MAIN 




CO >oRr»BLE pipe\ 



PREVIOUSLY 
IRRIGATED 
AREA 



PUMP 



LATERAL WITH SPRINKLER 
CONNECTIONS 



MAiN 




GUN-TYPE 
SPRINKLER 



(b) ^STATIONARY BIG GUN 



EKLC 



, f 



5-57 



, FIGUliE 
MECHANLC ALLY MOVED. SP 
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GUN-TYPE SPRINKLER f 
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(a) END TOW 



. (h) BIG GUM TRAVELER 



MAIN 
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(c) SIDE WHEELc^PLL 
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PERMANENT SOLID SET 'SPRINKLER SYSTEM ^ 



BURIED LATERALS 
WITH MULTIPLE 
SPRirfRLER 
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/ ' AREA 



•TABLE' 5-26 



SPRINKLER SYSTEM CHARACTERISTICS [bj, 58} ' . 



^A: ; .Nozzle: Size Qf V - 

Typical ■ piressure single ^ ' * x 

application Outlets- range, system, Shape of 

rate, in7h per lateral lb/iri.2 acres; ' . . field 



Maxifnum 
; .. . . crop * 
-Maximum height, 
.slop6/^ ft, . 



Hani moved ■ ' . ' . . 
Portable ;pipe. 0..1-2.Q 
Stationary g6n ' 0.25-2.0 



.Multiple' 
sSihglje ' 



30-60 



1-40 



50-100^ . 20-4Q 



Any shape 
Any shape 



20 . 
20 ' 



Mechanically 
moved 



0.1-2.0 
0.25-1.0 



End- tow. ; . ^ 
• Traveling gup 

S i d e whe e 1 ro l*^ 0.1 0- 2 , 0 

Center pivot - 0.20-1.0 

Permanent 
Solid set. 



30-60 



* |ultiplfe'. 
^Sirtglev' > 50rlOp 
: Multiple 
■fittlti'ple 



.20-40 
40-100 
30-60 ■ 20-80 ; 
i5r60 ^ 40-160. 



Rectangular . 5-^0 / ; 

-Rectangular Unlimtt6d: 
Rectangular 5-10 
Circular^-. 5-15 



3-4 

8-1J3 



b.OB-2.6 . Multiple. 



30-6Q;'-M?.UnH»1'^^^^^ 'Any shape 



Unlimited 



a Travelers are availafile to;allow iri^gati^n of ar^^ 



T in./h = 2.54 cm/h ^ . . 
l Ib/tn.? = 0.69 N/cm2 ' , 
1 aCr^e = 0.405 ha 
1 ft = 0.305 m 
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5.4.2^1 Hand. MoveH Systems^^ \ ' \. . ; . 

Hand, moved -sprirtkler systems>ricTude-portable pip^ stationary gun: 
systems. \As the name imp! ie^s, each, Is placed and removed manual ly for 
each irrigation set or.perfodi - . , 



:rta bVe : p i pe sy s tems are surface pipe systems consisting of lateral 
gnes wh it h ; are mov ed between, sets (piping, position for 'one application) 
main line which may Val so be moved, or .it may be peniianent. th^ 
Tateral.s . are usually constructed of aluminum 'pipe in 30 or 40 ft or.. 
. }Z m) lengths J^with sprinklers- mounted on risers extenaing from ttie 
laterals/ Riser , heigK-^is: are determined by crop Mf^^^ >nd angle , of 
spray. ; In general , lateral -'"spacings and sprinkler spacings are! located . 
^ at approximately equal interva^^^ usually rar^ing from 40 to 90 ft^(12 ' 
■ to 27 nO^ operate atv a vnde range of pressures and 

application. .If<> sufficient pipe .is available so that movement between 
sets is not r^Juired, the system is referred to as solid set. • \ 



V 



THe. major* advantages of portable systems include/! ow capital costs and 
adaptability ito most' . fiel^ conditions andv.climates. They may also^ be 
removed from the. fields 'to avoid 'i nterferences wi th fa;rm machinery. The 
,princtpal disadvantage' is the extensive.labor requirement to operate 
the system. " \ \ ' ; ' ; 




Stationary/r^^gw systems are , wheel -moanted or ^ ski d-ntounted si ngle 
sprinkler ^un its (see Tigure 5-2>0),," which are mVed manual ly between... 
Iiydrahts Tocated along the laterals. Since, the sprinkler ope'rates at 
greater pressures / aijp, -'f 1 owrates than ^fiul ti pi e spri nkl er .systemis , the^- . 
irrigation- .time is gsually shorter. Afteir a set has been completed for 
the lateral , .'thd , entire^ lateral is moved to tlie next point along the 
main. In^some cases a number oT laiterals and sprinklers may ber provided 
ttf'«iiiin1tniiei,nipYeme^ ^ 

The advar[3:acjes of a sta.tionar> giir? are si mi 1 ar W those of' portabl e pi pe 
systems wi tj? f espect to capi tat . costs -and^ vers-ati 1 i ty . in aadi ti on * tKe 
larger, no^de of* the giiR-tytie, sprinkler . is/ relatively free from 
clogging^. Tfee ^.drs^wblick;^: fo this system ar€ arso similar to- those for 
poyrtBble f>ipe ; systems in' tliat : ^aD(?^V. requirements are high due to • 
fre.quent spri/iklerjttlmojifes • ^Pb^^ rec^ifi remen.ts are rel atiyely high due to 
high pressures' at tlie rlq^zle, afrd vi^tndy coiidnions adVersel^ 
distribution. of the fine droolets cheated D>^ythe:'|iiglier . pressures. > 



5.4 .2 . 2 S*! lec h a n i 1 1 y * loved Sy s tem 



The most comnibn types' \ o^'akmechanicy^l^ systems are end tow, • . 

traveling gun, 'side wheel' roll. i'v.a'nd • -dan tftVi'vpi v-bt.? " •■ These systems may be ' 



, niqyed after each . irrigation by external ^ drtvie mechanisms ( tractoH: q^^^^^ 
^-wl-nches) .pr integral; drive units, ^ P^^^ 

: V^ojritir|UQ.{^^^^ systems* ^ v./* v"." : ' V - v . 



STATIONARY GUN ■SPRINKLER" MOUMTED^.O^^ TRAC'TOR TRAIliEft 




> 1 



End tow Systems aire muVtipl e-spri nkler T ateral s mojuhte^oQin • skf ds" or 
wheel .^assemblies to al low a traetpr^■tr puTl^'t laiteral' rintact from one 
setti n^ to tbe next. As i ndicetted in jti^ure .5-18, , the, 1 ateral i s[ guij^.ed 
- by . capstans / to , control . i ts. al ignmerit< . The^o^^^^ 

-considerations -are identical to those for ppftalme p^^ systemsr wi^th ^he 
exceptioh . that pipe' jjbints are stronger ' to accofnmodate -the puVling., 
;.requirements..; ^. 'y' ^' ■■^ V'\/"^^V-^ 



* ■ • 



' piiis primary advantages pf ah ej[id; tow sys1:em 
''N(^ui rements and overal l ^systefln cd^lts, and:^e capabll i^ 
removed, from the , field to ai'low ' farm^^ 
Di sadvantactes: incTudd cro0 restrktioris^^ moyemerib^ of 1^^ 
^cautious Operation to avoid crop "and eqij^iptiieht damage. ;v v / 

■ V-.:'^^\- •■, ■■ ; -v.;.-. ^ V- • -y . ■. * • 

Traveling gun systems ^are sel f-prppel Teci , si hgl e sprinkler uni ts Which 
are connected to /the supply lource -by a ftexiBle; hose (see Figure 5.-2H. 
The' traveler iK driyen . ^by ' a , hydraulic' or .<g,as-^^ 
'withjn .the* un^it-, or a gas-driven winch Ibcated at : the end thcj 
<[Vi fabth cases, a 'catole apchored.ar the, end 'Of^ guides the .un|t in 




a straight path. Variable speed drives are used to control application 
rates. Typical lengths of run lare 660 or 1 320 ft (201 or 403^ m), ana 
spacings* between travel lanes^are commonly 330 ft (100 m) . The rubber 
tose, which . may be 2.5 to 5 in. (6.4 to 12.7 cm) is a specially- 
constructed item and may constitute a considerable portion of the total 
cost of th6^ system. , 

. . ■ ■ ■ ./ 
FIGURE 5-21 



• ■ . ■ « 

TRAVELING GUN SPRINKLER 




The more important, advantages- of a traveling gun systen^ are low labor 
requirejpents and relatively clog- free nozzles.* They may also ^Be 
adapted to fields of somewhlat irregular shape . and topogr.^phy. 
Disadvantages are high, initial costs and power requirements, hose travel 
lanes . required for most crops, arid drifting of sprays .in windy 
conditions.- ^ t ^ . ' • ' 



Side wheel rol 1 systems ' consist of jil uminum or gaVvanized steel pipe 
laterals 4 to 5 in. (10.2 to "!2-v7 cm) in diameter, which act as axles^ 
for. 5 to 7 ft.(].5;to 2.1 m) diameter wheels (^see Figure 5-22). The end 
of . the lateral , which is typically 1 320 ft (403..n0 long, is connected 
to hydrants located along the main line. The system is movetl between 
sets by an .integral^ drive, unit located a.t the center of the latferal; 
The. unit, is a gas-'clriveri engine operated , by the irrigator. The 
sprinklers, which have , the: same general xi+iaracteri sties as those for' 



portable pipe, systefns;, are mounted on swivel connections to ensure 
upright jpiositions at all times* Sprinljler spacings are typically 30:or 
40 ft {9«^l to::- 12.5 m) and whe^l spacing s may range frpno. 30 'to 100 ft 
(9,2>'to 3C,b m). Side wheel laterals may be. equipped with trail lines 
ttp tt), 90 ft (.27 m) •iff length located at each sprinkler connection on the' 
axle lateriW Each trail Tine *has sprinklers mounted t)n risers spaced 
typtcally at-30 to 40 ft (9 to 12 Use of trail lines allows several 
lateral settings to irrigated simul tanepusTy and reduces the number 
.Ol*mpvei^required to irrigate a field. 



;FIGURE 5-22 



' SIDE WHEEL ROLL SPRm SYg.EM 




e The principal advantages of side wheel roll systems l^e relatively low 
labor requirements and overall costs, and freedom from interference with 

^ ffarm implements. Disadvantages include restrictions to crop height and 
field shape, and\mi sail gnment. of the lateral caused by uneven terrain. 

aV center pivot system iS'^ lateraT with;mul tiple sprinkleris whicJiris 
mounted oixv self-prof)el led, contin^uously moving tower units (see Figure 
5-23) "rotating about a ^f-ixed pivot in the. center of the field/^^ W is* 
Siipplied by a well or a buried main to^'the pfvot, where power is. also 
furnished. ^The^ TateVal is -usually constructed of 6 to 8 in* (15 to 20, 
cm7\ steel Jipe 200 to 2 600 ft^^'(6X» to 793 m) Tn length. A typical 
system irrigates a 160 acre (64 ha) parcel (see Figure 5-24) with 
a T. 288 ft *(393 m) Tateral. The' circular, pattern reduces«:overage to 
about 130 acres (52 ha) , although 'systems with traveling end sprink]ers 
are availably to irrigate the corners. i 



The tower units are driven electrically or hydraul i call y* and may be 
spaced from 80 to '250 ft (24 to 76 m) apart. The lateral is 'supported 
between the towers by cables or trusses. Control of the application 
rate is ac+iieved by varying the running time of the tower motors. 
Variations in sprinkler sizes or spacings must be provided along the 
lateral for uniform distribution, since the area of coverage, per, 
sprinkler increases with the distance from the center The rel atively 
low application rates, shown in Table .5-26 account for ihe fact that 
center |)ivpt systems 'irrigate more frequently and at lower rates than 
other systems. • . \ • • 

Another type of center pivot system i$ the rotating boom. This -system* 
eliminates the need for v^heel -mounted power units by supportijig the 
lateral 'with cables extending from a tower at the pivot. These systems 
have limited . applications, aS the. area of coverage Is small , up to* 40 
acres (16 ha), relative to conventional center pivot systems, -an^ "the 
corresponding per acre costs are high when muTtiple systems are 
required. ' ^ ' ' ' ' : 



The main advantage^ of a center pivot system is the high degree- of 
automation and a corresponding ^low requirement for labor. Limitations 



include restri^ited area of coverage (dead spaces in corners oVftelds) , 
crop hei gilts, and potential maintenance problems related to the* nun 
.mecha^nicaT components i ' - : 



, "6.4.2.3 Permanent Solid Set S^,stems\ : ^ 

■ ■ ■ '■ ^ i : \ : . , ^ ■ ,: • ■ ■ ■ ■ ; 

PeWndtnent ' sol id set systems are distinguished from* portable/sol id set 
syste^is only in that the laterals are buried and" constructed "of plas.t1c 
^pi?)e' instead of aluminum. Sprinkler selection and spacing criteria are 
ider^tical.^ Risers may be fixed or removable to accommodate farm 
eqciipmfent. The primary -advantages of- solid set systems are l>dw labor 
requirements ami, maintenance costlj, and adaptabili ty /tO' all types of 
terxiiiw fi€Td shapes, and crops. They are also the most adaptable 
s^^ftelais for climate control requirements. . TJie major disadvantages are 
high instailc^.tion costs '^ahd obstruction of' fixed risers to farming 
equipmerk,. • ^ ' . 

• \ . . • . ■ ■ ^ ' ^ 

sLa^ZA Overland Flow Systems 

Sprinkler application for overland flow consi\sts? either of permanent 
solid set systems : orOrbta ting fiooms. it^hese sj/s^tems are distinguished 
from those for;' slow^rate by their layout ar»*angements*.( single row of 
sprinklers) and application rates ( designed * for runoff). vSprinkler 



spacing^ is normally 'equal 
spr i nkl er d i sc harge ra te ^ Q 



to -the radius of the wetted circle. The 
i may be compute^d as folTows: . 



X R X L 



t X G ; 

? ^ ■ y ■" . , . 

nozzle clischarge; ^1/min (L/s) 
total 'depth ^:0f water applied, in. (cm) 
period of ..tiJD[id/to apply water, h 



where Q 
.1 
t 

R 

; C = constant =^§^(^^^^ 



spacing betij^en spri nkl ers , ft (m)^ 
length of o^riAnd slope, ft (m) 



(5-7) 



Sprinkler heads may be arranged \o avoid drifting of sprays at the 
expense of re'aucing the arjea pf coverage. Th.e primary objective of the 
distributtorf 'system ts to concentra-te thg applied water at the upper 
ends of the slopes to produce runoff. \ ... ^ 

■ : ;■■ ' ■ \/ . ■ ■ . ■ - 

for overland flow distribution to jn.inimize; 
and^inimize aerosol, formation. At Piiuls Valley, 



us^d 



Fan nozzles may!^v be 
pumping .,,pi?es*5ure^head 
Oklahoma' (Section*- 7.11 ) ,." fixed 
Oklahoma, rotating booms are being 
shown in . F*igure#5-Z?. 



nozzlesjrare ' 
used with fan 



being used. At. Ada, 
nozzles on both ends as 



FIGURE 5-25 



ROTATIMC BOOM, FAN SPRINKLER, 
ADA,. OKLAHOMA 
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5.4.2.5 System Des,ign 



■ ■ ■ • . ■ ■ ■ f -.^ ■■ . . . ■ ■ ■ ' 

The procedure for sprinkl^er system design involves the determination of 
the optimum rate of fipplication, sprinkler, selection^ sprinkler SRdcings 
and performance characteristics, lateraV^-design,. and misceTlaneous 
; requiremeints. Although the following discussions are , limit^^ to- 
stationary systems, tJje Aeneral^ theory appi ies to moving .systems as 
well . Detail ed/ design rMuTremen^ specific systems may' be obtained 
from equibment supplier?^ - . ^ v 
• ... V • •• ■ 



■ the' optimum rkte of appllfjg 
ensur'gis uniform, distpit 
: wi,thotl't exGeeding the b as; 
fVpk systems) . ' 



for a s^rinkT^r System is the rate that 
jnder prevail ing, ci imat\c ; conditions 
Irate of t^el soil {excetp.t;^for' overland 



Sprirtkler 
type of 
clogging- 
appl ication 
or two noziT 
for low teniae 
sprinklers ari 
presented in"! 
the many tyl 
manufacturer^. .'^'^^ 



g tion is ;primarily3| 
jbuti on system^ 




va] , ■ and . ef fe 
ewateir are us 
pecial. atten 

wintpr oge9®ji;pa^^ 

adaptabiT/. .^^^^.^ 
7. More s8edff1<c -|^ 
* sprinklers^' are 



Qond;jS^J#is of such as 

^•^ItiQns:,.' app.l.ioatio'n rate , ^ 
'^''Stpf;i>nkl€?rsi .used fot^ 
*|^ng; headvtype Wijth ope^ 
:ta ^pr^ -clesigri, 
;]!^v^Bn c1 a%si f i c ati on 

' & Qhtricter^ for 

i^t^Tfriyit^r^^ ; spr1nkT§r * 



ance :x1iar:acter>stt anal yzed 



winds.' 





niear ■ the 



SgrinkTer;^ ^pacihtsi'^n j^rt^^ analysed 

to^J^^riinne^^ ,the ' opti mum Vat.e 

; pf^>appl4c:atid tt^*^^^|i^ ;^i2ji^ijikl ef s arW 

. at^cted ^ primaif^l^'^ib^^ cause l arg6 drdps' Which' 

aini^ dlsliahce awa^- from^the sprifiki er, 
^l[i^eafs;.^,hi^h/^^^^ 

'Spi^^^ ^>^^«fSt^ ------ »^ 

^^n(^/f"tff^ app^ed ^pri^rj^ wi th the 

' -dli^eartce^ ^^'Cfl- -^^t'; : noizl e . and ,the'.;; (ti.^tr^butTO ci rcul ar , : 

s^i^i^^ 5: "are;^^e€d ' t^.proV the^ wetted* 
ais|mtersv ;^$paiiirigs^ are ; nakjrialiy ;Tey€i'^:e^. .;^ mis^y 

spe^fied by^y the^ spQinklt^r ; !ifianufa^ttrtrer$/^^^^ • 
det^rjn^ined .empfric^ or tiy: Vsin§ 'published'- - the SCS 

recornmehfl^ ^^"'^9 ^iP^T'^Kft' -^^^^^^ to 50% 

or Tessv of^pe^L wet^d tfi cimeter and ^ifri^a a*Tcm^ -the main 

(S|vf)V^o^ le^S" than op. Irf Wt^iJ^ .arei^|$j^:^^ be^Ve(iut*d to 50% 

for/,/^elocities of. .5 .^to -lO^^T/h ' (iij^^ m/s): andrto 3q% for 

veloti-tles gt;;^ater than ^3^/^ A^.^^ Fer higlv pressure 

" between 
:ti^)isifor 



sprin|il;prs , tlie:. SGS/ rec(»fOT^n^ -a - rii4>i!5mum;^^1^^ 



spri nkl ers ,of .two-th^^^ the 
w4nd as^.di s):us;sed for I owq^. p 



ed diafiiigter wi tf 
^?ur*e' sprinkl ^s 




imijar dec 
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CLASSIFICATION- OF ^ : ' ' \ ' 



THEIR ADAPTASIL|# {58] 



Type df , 
sprinklpr 



GeneraF , 
characteVfs.tlcs 



■ Range of , Recommended 
' wetted . minimum 
diameters, application distrii)ution 



■1^ 



wetted . minimum \ Moisture.- . \ '\ ; V \.-^>;;V-'^v*'!i^"-. ^ ' 'f'^. i^J 



ft 



rate, ,in./h . .pattern'* 



re^ 



Adaptations jind 1im1 tafci'ons^^^^^^ 4^ 



Low pre|{fur:|f^ 
5-15 lb/1ni? 

■ ■ >.»f 

^Modera^te ^ 
. pressiire, « ' 
15-30 lJ)/i1fi.2 ; 

Intermedidjtex 
pressure,' . 
30-60:ib^in.V' 



I, .Special thrust 

springs ar reaction-. 
^ type Vrms / ■ 

' " ■ ' ' ■ ■ 
r Usually singl6,-no^zle 
•oscrVlatirig* ory long- 
arm dual-nozzlV ' 
design ^ J-- • 

,!5jEither single^ or ; ' 
du^Vnozzl.e design ^ 



20- 



0.40 



Q.20 



75-120 • 



Fair*. Small acreages; confined, tqP;soiiTt^-^^^^^^^^^ 

' • ' * with intak^ rates excee^tngiiO'J^Sp ^f^^^ 

and to good ground cover 6rt.jfn^di,ur^ 
to coarse-text;ured\so1T.s,.^^^^^^^^^ 

Fair t(X good ^ at P r 1 ma r i 1 y f o r Un de rtre,^ iyr} riff^f) n g 
upper limits of in orchards; can-vbe u$ed /Ifdr fV^jfid 
pressOre 'range, trops and vegetables * ^ ' ^V; 



';fj 0-230 



^ ■ 



High pressure^* Eitherrt.in^le of 
50- 1 00 4i)/ i f\. 2 • (jua 1 - riozz^e desi gn 

^ ., 

HydratTiii^irA' ^ne large n.oz^rle with 20(JpijOO- 
giant, 80- . ^ smal ler ApplementaV ^' 
■ -120..1b/:in,2;,_.v.,|ioz2\ps.. to J^IU in . . 

' pattern ^a^ !Sma^l 
' ■ ' nozzle^ rotaxing ' 
.• ;^,>spflnmer . ^ 

Undertrefe low-y > .DesJ^d to keep 
angte, .10- • ' stream :rajfict6r1|'s 
50 lb/In. 2, ^'^^ fru^iand . 

: / : fttiage t^jjiftw^tjng 
.<V thM0zzle*'ang 

Perforated Dlp%, « Portabl^i^rVigation 
4-20 lh/in:.2 * *# pipe witn. Ij^s c|j£{ 
' ^ ^ sma^ll perforafioi 
•■ *^ in upper chi rd q 
pipe per^ter 



0.25 ■ Very good , 

Good. Mcept 
where wind 
Velocities exr 
: oeed 4 mnih 



0^.50 



0.65 

X 



•For all field crpps* ^nd mosjt. 



fessj.ve 



^0 i I s ; we 1 1 -adapttd, to ^ertrse 'J'^B'* 
V . sprinkling in^orctiardsVj^iT^^^^ 
■"■'^'■to tobacco, shades V'^;:' ' ' " 

' ; ^ Same ■ a s f 0 r in te nnedw^ s itjfe^n*" . 
'"^•^i nklers except. whi^Srf1/id iw 



'Ac'ceptable'^'tn . 'AdaffubVe. to. (?T^se-&rbw-1ng cr^^s.-that 
.'•calm .ai r ; A proVifle 'good\ grj^oil; c.o<fp*r;' ro>/japi d 
■Se.verely,.dl5-V. - CQveyi^Si.-.fbJl-^^^^ 



■ ■ r\ 
40n90 . ti 



torted by winJ.% limited tP ltJ'i Is wWJf bi^h -^ntap 



rates 



' 0.33 ^Fairly good; 



10s 



. Assuming propenj-s^jj^g ^^d* prejfelire noz^ size reUti||^?ps; \ * i^v^'?^ ^^ .3; K^- ^i^^ 

. -Rectangular strips.* \ '."^W ^'W. » ■ J" ' ^ W-^i^ 

«.:o:'.os. , ■.•^•:>'r-^-f ^ . 



.orchards .or citrus „gir6ves; in 
'* tf^ amo^id 'pa t te rn . QrcWjrdsf Jiheii^ w1'nd v^V d.ii^s to rt over- 
live omme n ded ■ .<t re"e*>p tjnk^'e t e 1 rf orchards 
w\i e re lat e r a 1 s .Vere -^w a i 1 ab\\^ ' p,r e s sut^^I 5^ ho t s u f f i - y 
sflae;^d^mQre • .\ ^'cient -for bp^^^ oVertree ^ 

' than, one- tree . -.'M^ r ; ' 

' 0.56';^ '-^Cc^g^^ For 1 ow 

' r...vl* '. -^rectangular— ji^:.for talll^^Bsl; liwit'e'd to soils with 
'^^j ^ -i^ ^r^^^ "^jS'l iirl- ve jy hi& :intaj((Es''rates ; best 

- -^^ g pt ed ■ to s ma 3 1 : ac rjba;^e s of h i ^ va lue 

\' ^v:<jji^hW;tvlow-oep'f:a^^^ permi.ts . 

supply 




jTOig' -crops .only; unsuitable 



.1 ft -= 0.305 m 

1 1 n . ^ 2 . 54 cm * 

/^l lb/in.2 « 0,6.9 N/cm^ 

"i mi/h - 0.44 m/s ' 
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■. Once the prel iminary spacing has, been determined,,, the nozzle discharge 
capacitY to supply the optimum application rate is 'found by the equation 



• / . Q.= r . V \ • .(5.8) 

in which Q = flow, rate frdm nozzle, gal/min (L/'s) ° 

• Si_ = sprinkler spacing along Ta%ral, ft (m) 

Sm = sprinkler spacing along main, ft (m) - , 

\ \ ^ I = optimum application rate, in./h (Cm/h) 

C = constant =96.3 (360) 

■ ■. ■ . ' ^''^ . ■ ' 

This" establishes the -basis for final sprinkler selection, which is a 
trial and adjustment \procedure to match given conditions with 
perforniance characteristics of available sprinklers. . The normal 
selection procedure is tci assume a spacing and determine the nozzle 
discharge capacity. Manufacturers' data- are then reviewed to determine 
the nozzle sizes, operaki'ng 'pressures, and wetted diameters . of 
•sprinklers operating at the desired discharge rate. "~The wetted 
diameters are then checked with the assumed spacing s for confonnance 
with the estabVished spacing criteria. • 

Lateral design consists of selecting lateral sizes to deliver the. total 
flow • requirement of the lateral with friction losses 1 imi ted. to a 
predetermined amount. A. general -practice is. to limit all hydraul ic 
'losses (static and . dynamic) in a lateral to '2U% of the operating 
, pressure of the sprinklers. This will result in sprinkler discharge 
variations of about 10% along the lateral [58]. Since fl ow i s being 
. -discharged from a" number of sprinklers, the effect of multiple outlets 
j/n friction los-s in the lateral must be considered. A simpl if ied 
approach developed by Christiansen js to multiply the friction loss in 
the entire lateral a-t . full fl.ow'^ ( di scharge -at the distal er^) by a 
factor basetf.on the number of outlets. The factors for selected numbers 
of outlets are presented in Table '5-28. ■ For long 'lateral lines,. J:apital 
costs may be reduced . by using two or more 1 ateral sizes whil:h will 
satisfy the head loss requirements. - ' ; . 

'System automation is receiving- greater attention as Tabor costs 
increase. All of the systems described he»*ein>may be automatically 
controlled to some degree. The mosV common control devices are. remote 
control valves energized electrically, or pneumatically to start or stop 
flow in a lateral or main. The energy source for operating these, valves 
may be activated manual Ty at a push-button statioa.or automatically by a 
time-controlled switch. In order to determine . the economics of a 
^control system, the designer must compare the costs of, fabor' with the 
costs of .controls at the desired level' of operating' flexfbiVity. 



TABLE' 5-28 



FACTOR" (F) BY . WHICH PIPE FRICTION LOSS 
IS,,fifyLTIPLI£D TO OBTAIN ACTUAL LOSS 1n. 
A' LiiE WITH MULTIPLE OUTLETS [49-] 



9- ^ 





NO. of outlets 


VaJue of F 


^ ■ ] 


1 , 000 




0.634 








n dftn 




n d^i 

U . 43 1 


D 


U . 4 JJ 


7 




^ 8 • 
^ ■ * ■ 


0.41P : 




0.402 


lo; . 


0.396 ' 


15 


0.S79 


20' 


• 0.370 


25 


0.365 


30 : ■ 


" 0.362 " * 


40\ , 


0.357 




. 0.355 


I'OO 


- , 0.350- . 



5, 5 Management of Renovated Water 
b.5,1 General Considerations 



^ . <• • 5.5.1 .1 - Flow to Groundwaters ^ 

C. ■■ fl' ■ ...... .. ' . 

For ' rapid^ infil^?R?tior^ an unsaturated, soil zone ^^is necessary, to 
maintain (iesired ' tnfilt^ since oxygen- is usually depleted 

when i n^indati on Vp^xo4^ exceed 48 hours. However, good internal- 
drVinage must be prK^nffto reinstate an aerobic zone during the- dry-up 
perro& Bo uwer repots th^t anly 5 ft (1.5 ni) of unsaturated soil need 
be maintained" [52L A deepers^ater t^ble does not materially increase 
•the det)th of- the '.aerobic zbhe since oxygen- diffusion., is ^slowed 
considerably below^about 3, ft (1 m). ^ '\ . \ 



5.5.1.2 Stormwater Runoff Corisiderationsii 



The qual i ty of stormwater "runoff is essential Tiy" unknown, but the 
nitrogen and phosphorus values given in TaJ>f43-1l» measured io rural 
stormwater runoff studies, sho^uTd give persplttive to the magnitude of 
the : problero. the principal qonsiderations are"^^^ the quantity 

of ' runoff 9nd to minimize the sediment load in th^Vrunoff. This can be 
accomplished for the most part by sound farm management practices. . 
■■ ••■ ■ I ■ ■ ' • ■■ ■ ' ■ / . ■• . ■• "'-^ 

Overlandvl^l^sy designed-^o shed water ahd must^be capable- of 

haridlingfu^^^dl^ has been shown at Paris, Texas [54]^ 

that the-^ef to improve the quality of overland 
flow run6W3s:,m€5ais^ 



7 



0.5.5.2 Underdrainage Systems ^^fc^ 



UnaerQfains are mainly associated with slow rate treatment but can also 
be used, with rapid infiltration treatment. The\underdrainage systenv 
mus^ cohtrol the water' table to. provide sufficient soil detention time 
and underground travel di staince/ i f ; the desired, qual i ty, of renovated 
water is to be achieved. In the case* of slow r.ate* treatment, the 
ability to plant, grow, and harvest a crop pr'opeirly also depends on the 
drainage conditions. , Skaggs has developed a model to manage water in 
soils with high groundwater [60, ,61]. . 

In and regions, drains are usual Ty*pjaced at. much greater depths and 
farther, apart than in humid region's to ensure that salt- laden water 
cannot move upward to the rtfot zone by_s,apillary actiqn. Since there is 
no real agreement on proper depth and spacing, the designer is forced to 
rely dn local experience. Examples of drain depth and spacing in hiimfd' 
, and. arid cl imates, for si owVate systems,- are shown in Table 5-29. 

Cbntrdl of the groundwater table is- discussed in Appendix. C, Section 
C.4. An equation for spacing and depth untlerdrains is- presented. 
Additional discussion of the. theoretical aspects of drain spacing is 
contained in references [-60, ■ 61,- 62].;' Procedures ;for pi anning and 
design of underdrainage systems are "also desc r i bed i n Drai nage of 
Agricultural ^ Land by the U.S. 'Department of Agrtc'ul ture, ' Soil 
Conservation Servjce [63]. - tL 



^ . JABLE 5-29,:. ; " . ' 
DEPTH AND Sf^ AC ING OF UNDERDRAINS FOR SI,OW RATE .SYSTEMS 



Avg depth. Spacing 



Arid climate , • - : . . ' ' 

Imperial Valley; California [6"23 -^'6^'^ . :200r400 . " 

-Delta, Utah [62] ; ■ " . f -V.^ ■ 1 000-1 320 

Humid climate • . ;■ . , 

Malheur Valley, Oregon [62] • 8-9 . 660 / / 

^ . • Muskegon, Michigan, loaniy to . ^ " » 

sandy soils [31] 5-8 . 500-1 000 V; 

Sk-aggs-Water-Management-Model— — — — ^..J™. _ „ 

" . . Sandy loam [60] . . '3.2 . 265 : 

* ■ * Sandy loam [61] . 3.3 " ' . \ 140 ./ 

Clay loam [61] . ' 3,3 40-65^ 

- ;" a. Referred to as deep dr.ains. . 

. . : '^.b. Good.surfaice drainage .i*ncreases spacing. 

. 1 ft = 0.305 m .. ■ : . * • 

■■■■ . ■ ./ -,: ■ ■ -'^ - : ' - 

Proper placement of underdrains to recover renovated waiter from -rapid 
irffil tration treatmefit is more critical than for slow rate treatment. 
Bdiwer [52] has developed an equation .to determine the distance 
UnderdrBins should 'be placed' away from / thp'tnfiltratibn area. .The 
height, H / of the water .table below the QUter^.-edge of the infiltration 
'area {see^Figure S-'Ze) can be calculated: ' . ; u 

' • ' =vh/ + IW (W + 2L)./K ' . (5-9) ■ ' 

where drain height above impermeable layer, ft (m) " . • 
-I - Jtifilfration rate, in./h (cm/h). / - * 

W = width of infiltration b^sin, ft(m) 
L- distance: to underdrain," ft (m) . ' * : 

K =^ permeability of the soil, in. /h (c(ji/h.) 

The location, of the drain is selected 'and *is calculated with Equation 
5^9. By adjusting variables (l',/W, and I), a satisfactory value of He 
obtained. An L- value les? than the most desirable distance-of under- 
grotind travel may have 'to be accepted to obtain a workable systeip. . 



Pl astic, concrete, and clay til e^l ines are used for under^i^.ains. Jhe 
choice ./usually depends on price and availability.of materials*; Where 
sulfates^ Care present ; in the groundwater, it is necessary to use a 
sulfate- resistant cement pipe, if concrete, is chosen, to "prevent excess 



Internal stress fr^m crystal - formation. .. Most tile .drains^ are 
•mechanically lata in a machine dug trenchj see Figure 5-27) or* by direct 
plowingi ; In organic sail s and loam and clay-loam soils*' a^fiVter is not 
needed. • The. val ue of a filter vs also dependent on tj^ cost of cleaning 
a pi ugged til e 1 ine versus the xost of the filter* material . . 

V . ' , ■ ' ■ ■■■ ' ' • ■■ ' .' ■ ■ ■' - '^ 

■ . f lGURE 5-26 : . - ' ■ .. 

=COLLEGTION OF RENOVATED WATER BY DRAIN [52] . « 





^ — i ^lATER TABLE. 












'■H 

,."d,. 





I iPEHMEAtL? LAZIER 



5.5.3 Pumpetl^Withdrawal 



Pumped, withdrawal of percolated water 'is general ly>only cohsid^^d for 
rapid infil tration systerhs.- ^ It'can'be the e^onoirti^al recovery method 
when the aquUer\i,s deep enough (more, than 15 ft or 4.5 r(i usually) and 
permeable enough tc^. allow pumping^ - Evaluation of the permeability of an 
aquifer to properly 1 ocate^ recovery ^wel 1 s is basfed on the pripctples of 
groundwater fl ow presented in Appen|^ix /C* •> " , . • 

Pirocedures ^ obtaining the necess;ary information ■on ^.the permeabill 
for rapid infiltration systems have been devel opeH-by, Bouwer [64]. Two 
p?ocedure5^, (1) an analog .technique and *'(2) field permeabi.Tity 
measurements,, predict water table pasi tions for a /system of paral lei , 
rectangular infil tp^ation basins, with wells located midway betwe^n'the 
basins as shown in Mgure'5-28. The shape df the^ wat^r tablre system, can 
be calculated with dimerisloriless V9^aiphs deyet^ed with Bouwer*s. 
electrical analog technique'X64l and summarized in! Werence [52]. \the, 
evaluation of ' the. pemeabil i ty components' - by : th,|v' /analog teehnigue 
-requires, a IgiowTe of the infiltration rates and t^fesponse of .water 
levels, in the recovery tor observation) , wells^v^^^^ depths 
lo^caHed between the basins;^ - 
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V. 



V FIGURE ;6-27. v' ;/ 

TRENCHING Machine for iNstAulATioiS 

' - OF OftAIN TILE .• 



} 




5. 5.4 • Tail wa ter Re turn 



It lis. standard- Resign practice to include, a tail water ceturn systenj for. 
wastev^^' runoff from;^excess 'surface application in slQw rat6 systems. 
fypic:aiil3fi taiTwater Systems consist; of a small pond, a' pump,, anc^ return. 
«pi^)eliine. The v system *is usua3'ly sized for 25 to -50% of the applied 
surf^c'i al ■ fl ow.- ^ Suggested gui del i aes ,;. recommended ••^ by • the ASAE,* for 
'<tetermirt:in^ rbnOff&as -a percehtage of .the application rats " have beien^ 
Smraartied by Hart-:-£56] ^nd are included here. ; ' 
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kAN AND CROSS SEGTiON :0F TWO PARALLEL REGHAI&Ej'^^^^ 
BASINS WITH WELLS MIDWAY BETWEEN BASINS [64]::: r " 




RECHARGE BAilNi 



RECOVERY 
lELL 




PUN ^f^ 





.V. 



'-^ ■ cross ^secuoh-^ ■' /-y'.. ■ • :' 

tS5^^v!-v ''The n^ie^ that applred wastfe^ ^ater^.? 

. the. .tarlYater runoff system, before the s^ipply source ts^cut off and-tfe ^ 
runaff volume depend on the/ intake rate of the.s^il. For. slow rate Va-tS ' 
treatnieret,v the , practical -. -guideTi'nes shown^ in4aWe: prov^^ thV 't, 
simpl est procedure for estimating runoff:: factors. . ' ^ . ;5» 



: : ' ./ : table 5-3df ^ ' 

RECOMMEHDtD ASAERUNo/f DESIGN FACTORS 
FOR^JliRFAGE FLOOIJ DISTRIBUTION t56] \ 



['ormcnh n i ty 



- Class 



Slow to . 
moderate 



Ma xjmumi runoff ' Estimatedmnoff vwt^"^ ■•. 
. ' . . duration, 7. of ; voTuinij,, X of ' ^A*^^ 

pate, ifi.Vh^ ..Ti j ^ure r ange application time'^ applicatron volume ' • ' ' ' 



Oi.be to 0;6 Clay to\ilt .i^: : v: 33 



^ Moderate to -0.6 to 6:0 Clay toams to•^^?l''V^ "75 
moderately . ':\ . sfandy Toam^ ^ ^f;: ; 

; •• rapid ' .' ' ^ • * ■• 



:i5 :■ 

35 
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. The rate* of runoff increases with tirne and' tend^ to reach a.constant 
'va.liie as cutoff -time is afiproached. A runotf duration of one-half the 
application tilne and. a maximum r.unoff rate^of two-thirds application 
" rate' results in a runoff vol ume. of about 25% of application for slowly 
permeable soils [56]. ^ Permeable soil s, wftn intake ra^Jes greater than 
U.8 in./h (2 cm/h), require rapid advance rates and shorter irrigation 
times if deep* percolatraR-4s to be minimized. If d^ep percolation is 
. not. a problem, 'longer application periods can be used. * * . ; 

Design factors on sumps, pumps,' and storage reservoirs for continuous 
pumpitig ^ systems and cycling sump systems are beyond the scope of tij^'s 
manual bi^t can be\obtained from references [56, 65]. - ^ 

^ ■ V /.■■ ■ I ■ ■• ■ ■ ■ ■ ' . : •'■ ^. . ^ ^♦ 

d . ... 

"5'.&.,5' everl and Flow Runoff 



Runoff will range from 40 to 80% of the applied liquid depending on: 
(1) soil infiltration capacity, (2)' prior moisture qgndition of the 
soil, (3) slope, and (4) type of vegeta;fcion. Percent ranoff will vary 
over the year * depending on the rainfall ^ and evaporation. A water 
balc^nce should be performed to es^jimate the runoff volume. 

■ ' •- ' ' i « 

At the. Campbell Soup overland f46w system- in Paris, Texas, Thomas et . 
determined ^that direct evaporation -from sprinklers ranged from 2 to 8%; 
evapotnanspi ration . ranged' from 7- to 27% of the applied liquid 
(wastewater ana rainfall while runoff rang.ed from a midsummer low.of 
42% to a^^-high of: 71% in -midWirvter [66]. Similar studies at Ada^ 
Oklahoma, indicated that overall* recovery, about 50%* of the applied 
wastewater, and Ranged from 2.5'^ in summer to 80% in winter [17].' 



Runoff* col lectioij^ystems are commonly open, grass-lined channels at the 
^toe of the overland flow slopes^. . They must be graded to prevent erosion 
( typical ly7 0.3 to 1%) and have sufficient slope to prevent ponding ..in 
-^J/Gw spots. Channel slopes greciter than 1% will begin to influence the 
~^~^istribution of the sdeet flow on the overland flow slopes. Gravity 
'pipe systems may * be^ required when" unstable soil conditions are 
encountered, or when] flow velocities are prohibitively er9sive. The 
coUebtion system must be designed to accept a r^listic amount of storm 
runoff- Htesign stonns of 2 to, TO years may not be unreasonable. 




r Ranoff Provis-ions 



' For* slow rate systems, control 6f stormwater'runoff to prevent erosion 
is necessary Terracing .of steep slopes is a weT] known agricultural 
practice .to prevent excessive erosion. In general,- the management 

V techniques recommenced in 2UiL-^planning . for nonpoint di scharges "are 
applicable.* Sediment^ontroT basins , and other nonstructural control 
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measures, such as contour, plowing, no-tiir farra.'f'ng,' grass' border st>/ps, ' 
and stream' by.ffer 'zones can be used/ As, v^stewater^ appi icati^li witl 
usually be^ stopped, during storm ruiioTf>(^nditions, recircufatidn of 
stornn runoff for farther treatment is^sually unrjecessary.,.^*^ : 

Tor pverland flow systems, even;/he "firs^ .flush" ^o/li high intensity 
storm' should meet waiter quality standards. C Where yfjie. treated runoff' is 
to be disinfected or co'llected for other/'. us^s, .the quantity >"of 
stormwater . will . require^'that provisions for mai-imum:'treatmeni capacity 
be made. Stormwater in excess of this G«j)acity' should be allowed ta 
overflow tto a plan.ned stormwater runoff system. Or to natural drainage.' 
When mor'f^ than 2 or 3 ternaces. discharge to, the sam^ collection main, 
provisions should be 'm^deito' dampen "the peak runoff from storms to 
minimize erosion fnd ct^nnel maintenance problems." . " ' • ' 



5.6. Vegetation 



Ve'getatipn TTi -f^nd treatment serves three major functions:; . ' ^ C 

• ■ / , / . . ■ ' . ' \ ■ 

1. As/', a rHitrien,t extractor,, vegetation concentr^ates nitrogen and 
. , phosphdrus above the groiiVid and thus makes these nutrients 
' avaylable'foY' remDval through harves.t.- 

2. ; :plants effectively reduce erosion by reducing siirfadle runoff 
/ .velocity; iThe -extension of ropt growth maintains and 

■"' increases, sojl permeability, and the leaf shelter protects the 
. ' soil against the ^compacting ejjfect of falling water-. The 

% ■ overall effect of various ground covers on s'oiV infiltration 

•' . ' . rates for one soil is shown- in .Figures 5-29 and 'S-SO. • „ ' 



3.. For overlana flow and wetlands, the vegetation,/ in addition to 
;/ taking up nutrients, provides a matrix folr the growth of 

/ microorganisms t'fc^aj: decompose trte organic matter- in the 
wastewater. r . * - ' * - 



5.6.1 Selection of Vegetation 



For slow rate 'systems, the important co^rfsivderatians for agri^ul tursilv^ 
crops are: . ' . ' \; * V 

' V. Rate of water uptake 

\^ ' .. ' \ 3. '\' . . 

2. Rate of nitrogen and phosphorus uptake' ^ i. 

3. Tolerance to potentially harmful wastewater coh.sti tuen'ts\ 

4. Ease of cul tivation f ^ ^ • 



5. Production qf a marketable crop 



6, ' Minimum net cost of production, after deducting the current 
' <^ market /Value of the crop ^ ^ ' 

■ . ■-. ) \ ■ . --^'^ 

. ' ^ . . FIGURE. 5-29 • ' . 



/ 



EFFECT OF SELECTED VEGETATION ON 
SOIL INFILTRATION RATES [67] 



A 



2.8 



2 . 4 



- 2.0 



1 . 2 



0 . B 



0 . 4- 



BARE 
SOIL' 



:■ f .' 



CORN . WHEAT 



iHAY 



v PERiAHEIMT, 
. PASTURE 



1 i nyh - 2. 54 cm/h 



For .rapid, infiltration systems,! the primafy requirement Ts^f^ a water- 
tolerant species that wll help .to maintain high tnfiltir^tion rates. 
For pverland \flow systems, the need is for a vegetative cover that is 

,well rooted jin impermeable soil s, is >water\ tolerant (withstands 
flooding), and h^is a high rate of nitrogen uptake/ 

V. ■ - • ••• • ■ . . ■ • .. . ■ 

In:gendral,, the forage 43(11 fodder c^ops are preferred because they: 
0 )' treat large amounts of wastewater, (2) are toleraVit of^ variations ip 
wastewater quality, and (3) receive less maintenance and skill to grow,^ 
However, they have a lower matrket value. SuccessfLil forage crops used 
^to date include: Reed canary grass, fescue, perennial rye*^, orchard 
gr*^ss, and Bermuda grass. . , , ' ■ : 



19, 
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" INFII^TRATION RATES'FOR VARIOUS CftOPS- [68} . 




OLi)-fJKMANERT 

MULCH' ' * ^ 

■• ./ ' 

4-8 YEAR OLD'' ' • 
PERiAl^NT PASTURE V 

3-4 VeAr; old 
PERiANeN*T PASTURE^ * 
1 I CHTLY GRAZED ^ 



PERiAM,EMT PASTURE 

MODERATELY GRAZED 

- ' « 

HA'YS 

PERMANENT P'ASTURE , 
H^Ef,VH.Y ,ftRAZED. 

STRIP CROPPED DR.. 
MIXED COVER ' . *N 

WEEDS "OR GRA {M 

' tc • 

*'^s ■. * • ^ 

CLEAN T I tLED ' I 

BA RE BROUND , 
CRUSTED ■ 



1 i n. - 2. 54' cm 



5.6.1 Hydraul ic Con's'iderattons 



'Peak consumptive water -use and reoting' depth for/various crops and 
regional areas „ . are presented in Table, 5-31 as an aidtin syster design. 
The tolerance fif individual species to: f1oodin§ is bised on the ::rooting 
depth and the _ duration of; flooding. Rooting depths^for various crops 
are also listed. , in a TaWe 5^31 ., The i soil should drain and become . 
unsaturated to these depths during the 'irrigation' resting cycle to 
obtain optimal grov^th. Some saturation.'' of the root zone by groundwater ' 
> may be tolerated^ i)ut the usual result is decreased, plant pferfonuance. ° 
■ ■ • ■ ■ . . . . ' . ■ • ( 

.in general, -grain crops such as vheat, eats, and barley will suffer, high 
. yie1(t losses \. if subjected td soil saiuration.. Vegetable and' row crops 
are' slightly more tolerant, but they are stiT^ susceptible to damage.. . 



( 
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PEAK CONSUMPTIVE WATE.Fl 'IjSE-'/y^^^^ RpbTING DEPTH £69] ^ ; . . 

i •■ ■ .. V • ■ V' ' \ •^''y^ ' • , • ^ • / 

, Washington, Ga/1 i f orni a , ' Texas,- /^rkatisas^ • Nebraska., Colorado, 

Columbia! ;^ Sari.Opaqui'n , southern ; . • Mississippi^ eastern * *: western 
. Basin. ■'. ■^••.Villey . high pfl^.ins\^ bottoms ' V^part part, 

' V Us^\ , • Use^ ' VUse • . V • • • 

* Depth, /rate, 'Qtf^th; -rate. Depth, rate. Depth, rate. Depth, rate. Depth,- rate. 

Crop , in. ; 'i?l.^r ^n. ^in./d in.; >^fn./d in.- in./d in. ^in./d in. in.-/d 

Corn \ -42r^V^0.27 '6o' 
/ Alfalfa-^ ^^^^^ 0.25 .^72 
Pasture.'-' •'21. 0.'29. 24 

Grai^ ^ ;^>^^ , '^-^^ 
Sugar-', • : ' 
: beeis ' ^36 0.26 

Cofton ^ 

Potatoes. 24 0.29 

Deciduous • , . , . . 

•orchards .... 96 0^ ... .... .... 72 0.18 

Citrus ' J j| 

^orchards .... V 72 ^19 .... ..^ .... .! ...f 

Grapes 

Annual ; . . * ^ 

legumes ... ^. 48 0.1^ 18 0^28 .. 

Soybeans .. .. > ... .. 36 .0.19 60- 0..27 

Shallow- ■ . * ^ /5 ' 

rooted ^ V ' ^ 

truck crops 

. 

Medium- . , . 

. rooted .. . ; .... is^ 0.20 .. .... 

truck crops > Ige 0.12 ' " ' . 

. Deep^ ' V ^ ^ 

rooted • . * • , 

truck crops .. ;•. .. .' .. .... 

Tomatoes' ... • ..... .... 35 0.22 

Tobacco' ./^ .... .. J. .... .. .. .... .'. 

R^e ..' .... • ...... 24 0.17 .. .... .... 




72 


0.30 


30; 


0.23 


. 72 V 


0.28 


48 


^0.23 


72 


0.30 


42 ' 


0:24, 


96 


0.27 


7.2 


.0.23 


42b 


0.25. 


36^ 


. 0.13 ' 


48 


0.29 


'36 


0.23 


72C 


0r3O 


36C 


0.22 










72. 


0.1*5 


24 


0.15 


M8 


0.26 


36 . 


0.2?. 


• < 








48 


' 0 . 26 


48 


0.20 




0.25 , 


36. 


0.18 








1 










36 . 


0.26.- 


36 


0.22 



■1 



A ■ 



7- 
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TABLE 5-31 ' 
(Concluded) 



state of State of Piedmont Virginia,- State of 

Wisconsin ^ ; Indiana ; • Platedu^ coastdl plain riew York 



Use Use * " Use Use • ' Use. ' 

Depth, rate, Depth, rate, '"Depth, rate. Depth/ rate. Depth, r.jic,^ 
Crop- in^ in./d In/ " In./d in, in./d in. in./d* in. in./d ; 



.,Corn . 24^ 0.30 24 0.30, 24. D.22 24 . O'.IS' 24 0.20 

Alfalfa. 26y 0.30 36 0.30 36 0.25' •36 0.22 30 ' 0.2D 

Pasture ?4 

Grain ' 18 
Sugar 

bee1§ 18 ^...^ 

• Cotton ..^ 24 ; 0.21 .. . .t 

Potatoes 18 0.20 12 0.25.* - 24 ^0.18 18 O.lsV'^'^S .0;.18 
Deciduoi/5 

.orchards 36 ' 0,30. .... ' 36 . 0.25 36 0.22 ^36 ' " 0.2Q 



0.30 


24 


0.30, 


24. 


D.22 


24 . 


0.30 


36 


0.30 


36 


0.25' 


•36 


0.20 


3b 


0^.30 


24 


0.25 


20 


0.25 






24 


'0.16 


. -< • 


D, 25 . 


* ■ 










0.20 


12 ^ 


0.25.* - 


24 
24 


; 0.21 
■0.18 


18 


0,30 . 






36 


0.25 


36 




'24 


p. 26 . 


30^ 


0.20 
/ ^ . 

■ ■ 4 . ■ 




0.25 


■ 24 


0.30 


.24 


F ^. . . . 

0.18 




0.20 


» 

9 


0.20' 


12 


D.14 




0.20 


12, ^ 


0.20 

r 


IB* 


' 0.14 




0.20 


18 


0.20 


24 


0.18 ' 





Citrus 

orchards - .. 
Grapes * ,. 

Annflal 

\ legumes 
» ■ ■ 0 ■ < 
\Soybeans 18 

^'.Shallow- • 

^rooted s 

*|:ruck c^ops ^12 ' 0.20 9 0.20 12 D.14 .. 1*2, 

fiediuni^'* 
rooted 

O.lte 18 0.'18 

Deep- " \ / ' K ■ "-"^ 

rooted ^ ', "^4' 

truck crops 24 0.20 18 0.20 - 24 0.18 ' ^ 24 0.18 , 

Tomatoes 18 ,0.20 18 0.20 .. 24 j,0.21 24 . 0.18' 24 0.18 
TobaccoV .. 24 .0.25 18^ - '0.18 ...18 0.17 ..j. 
Rice .. 



a. ;Ave»*age daily water u^e. rate during the 6 to'lO day^f the highest consamptive 
jUse of the season. \ 

b. fool season pasture. » ' . * , 

c. i^arm season pasture. ^, 
jd. Summer. •■ • ' 

e. FallV . ^ 

f. Parts of GeorgTia, Alabama, Jlorth Carpi ina.^nd South Carbltna 
1 in., = -2.54 Qm J> v ' fr» 



','Coy;n, and pblfatoes will^ to^eirate sojne' ^.1 ooding ,ipossil}iy up to Ja ftew 
^daysi without isuffering .damage; icl over/ timothy, ^nd ^ rye are al so 
so'tnewhat' resistant. V^Grasses (sucIV as coasta] Bermuda^, meaflow, fes,cue, 
b-rpme,.. orchard^, or , Reed fcarrary) arei:he'rniis?t tolerant .soecies^and-'can 
sustain several weeks of flooding withour injury. Ree'd Canary grass^ a: 
talV cool -sea'san perennial wfth' a rhizomatoug root system, wilt grow in 
-a very . wet, ' marshy ar^a,. and reportedly h§V WTth^ for as 



long as 49 days witjhout, permanent injury [70].. 



•I' 



5i6.1 .2 * ^utrient Up^take 



Tj^e major. nutrients' e^ssential^ t6 plant growth a^e nitrogen, pho^phprMs, 
[ji^tassium, calcium, magfiesiumV' and sulfw. ^ Df t4iese, the' •prominent 
co-nsti tuents in wastewater ' ^re ' nitrogen, phosphorus, .and potassium* 
Jy.piica3 uptake rates of these elements for various' qr^bpji are -listed i*n 
Jabl|e 5-32. Variatsions noted in the. amount, of nu,trient uptake from the 
soil! (Zanv arise from changes in eifiher (1) the Vamipujnt anji' fomi of the' 
nutrient ^present, or (2) the net \y^'el d/of. the crop. ' 



' >: , TABLE 5732- ^ - ^- 

NUtRIENT UPTAI^' RAIES FOR LECTElJ.CBORS 



[3, 4,,.&,.6, Jtf, 71] 



V 



Uptaj<e, lb/acre -yr 



\ 



Nitrogen 



P h osph1)r<js^ Potassii/fn 



Forage crops • ^ ' 

AValfa^ . ■ : 200-480 

Bromegrass « 11^200 - 
Coastal Bermuda gr&ss- 350-600 1- 

Kentucky bluegrasis- ^ T5o-2'^40 

Quackgrass 210-250 

Reed^danar^ grass 309-400 

Ryegrass / « ' ' . 'l80-2S0 

Sweet clovera l^jj* 

Jail 'f est ue , .135-290. 

, ' -'• f • » . 

FielWtrops^ " ^ ' 

Barley " .63 

' Corn ■ ' \ ' 155-172 

Cotton '66-100 

Milom^ize ^ ' 81 ' 

'Potatoes ■ ■ .. ■?05 , 

•Soybeans^ 94-128 

Wheat ' 50-81 



^20-30 
•?$.50; 
30-40 
f40 

27-4 iV. 
36-40 
^55-75 

f 26 

iT 
17-25 

0 

12 

14 ' 
20 

11-18 
15 



'15.5.-20/) 
220 ; 
209 
180 ' 
, 245 
■ 280 
240-290 
. 90^ ' 
267 * 

, 20 

' ■ 34 . 
' '64 
220-288 
, 29-4a 

1.8-42 



7 



Legumes will also take nitrogen from the atmosphere 
and will not withstand wet corfditions. ' ' 



l lb/^cre-yr = 1J2 kg/ha *yr 



1.9 



o7- 



J. 

>' 



1*. 
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Nutrient coptent of a plant depends,- in part, on amounts of 
nutrients avail able';' to the plant. The, minimum ce.Uular amolnts required 
are about' Z% nitrogen^. 0.2% phosphorus, and Tn potassfum, but when 
sufficient quanti1;.iej ' are avail^tble, these amo4Jnts can easilay double 
[71, 72]. For fjorage <crops in general ,- the p6r*cent qomp6sition for 
nitrogen can r^nge from 1.2 to. 2.8%' and averages aVoun'd 1 .8% (dry weight 
.of the plant); but with wastewater irrigatio'n' it' can range from 3.0 td 
4.5% [72]. • • , . ,^ , ■ ' • _ 

■• ■ ■ ■ • . \ ' ■ ' .. '^ ■ > ■ ■ 

The ; total uptake of nutrients frqm appl i fed wastewater increases as crop 
yieVd% increases (see Figure A-3, Appendix A). Crop yield increases 
ranging up to twofold to fourfold have been achieved when wastwater 
effluent irrigation is used instead of ordinary irrigation water'[7^3]. 
Although nutrient uptake continues to increase with jrield, the 
relationship is not linear. - ' ' ' . • 

A factor that .affects both percent nitrogfen composition and yield of 
forage crops is stage of 'growth. In general, grasses cjontaih the 
Jitghest percentage of nitrogen during the green, fast-grjowth stage. The 
nitrogen uptake decreases with maturity. These effects are demonstrated 
in Fiture 5-31. For corn 'and grasses, nitrogen* uptake is very low-- 
during early growth (the first 3d to 40 days) and thereafter climbsf 
sharply. For corn,: this rise is maintained -until harvest. For grasses, 
.nvtrogen uptake rffaches a peak around . the- 50th d-ay and thereafter 
;d^cl,lnes". This suggests that harvesting these grasses, every 8 to 9 
week's" ftfor a ^totaV of two to^ three harvests per season) Hiir resul t in 
maximum^ nitrogen uptake. * . ^ • • ' 

The amounts of phosphorus in a|)pl ie^ wastewaters are usual ly much higher 
than ' plant requirements. Fqi^nately, .many soil s have* a high' sorptioa 
capaqity^ifor phosphpru's and very little of the excess is passed on to 
t)ie groundwater. Instead, it is held in the soil and serves to enrich 
the sofil [74]. • ^ / 

:.' ■ , ■ ■ . •■ ■ . 

■ ^ . . - ' • ■ . .. ■ "■ n . ■ 

Pqtassium is used in large amounts by many crops, but typical wastewater 
is relatively deficient in this element. . In some cases fertilizer 
potassium may be heeded to prov-ide for>optimaT plant growth, depending 
oh the ^oil and crop grown. ; ' ' \ ■ 

The micronutrients important to pVant growth (In descending order) are: 
iron, manganese, zinc, bor,on,' copperj molybdenum, and .occassional ly, 
sodium^, silicon, chloride, 'and cobalt. Most wastewaters contain an 
ample supply of these elements, and in some cases, phytotoxicity may be 
a consideration. * - 



, . . ■ FIGURE 5-31 • ■ ■ 

CROP GROWTH 'and NITROGEN UPTAKE VERSUS DAYS FROM 
PLANTING FOR- FORAGE CROPS UNDER EFFLUENT IRRIGATION [75] ' ' 




-5.6.1.3 Sensitivity 'to Wastewater Constituents ■ 



T^lant; growth can be adversely' affected^ by excjess sal ts ^generally 
chlori<le and sodium), excess acidity, or excess concentrations of. any of 
aMarge number of. microelements, including the micronutrients. 

Tolerances of slelected 'crops to salinity, 'boron, and acidity ar€ 
presented' in. Tables .5-33, 5-34, and 5-35,' respectively. In general , 
forage ^crpps are the most tolerant, field crops are less tolerant, and 



vegetable and row crops are least tolerant. There are many exceptions ) 
to this rule, however, and wide differences be found even between . 
two- ■ vari etj es. of the same crop . Data on crops not 1 i ste'd in these 
tables are available in references C.76-78], and the Ideal- Agricultur'&r 
Ext6nsi4)n -Service" can give - details on c cops sujtat)le for a proposed 
sitesc • . ' ./ ■ ' . ' J7, : 



/ 



• TABLE 5-33 , ' , . ^ ' 

ELECTRICAL CONDUCTIVITY VALUES RESULTING' 
' , IN REDUCTIONS IN 'CROP YIELD [77] 
, ' itimhos/cm . 



'ECg values (saturated 
. paste extract^ for 
■ a re^ductipn in 
cropYield- of 



— '-^ — 


0% , ' 


25% 


100% 










Forage crops 






» , 


Bermuda' qrass 


2.0 ' 


'5.4 - 


J5.5 


>.^/ 


. 10. B 


22.5 


■ Clover 


'1.5 


3.6 ^ 


10 


' Corn (forage) . 


1.8 


. 5.3t 


- 15:5 


Orcfhard grass ' 


1.5 


,; ■ ^5 


17.5 


Per^ennial rye grass 


•5.6 


.8.9 . 


■ ♦ 

19 


. Tall feScue 


' 3 .9, 


8.6 


23 


\ 

•Vetch, 


3.0 


. 5.3^ 


12 


TalKwheat grass 


7.5 ' 

t 


13.3 


31.5 


Field j:rops _ . 


,• 






Barley 


. 8.0^ - 


13 


28 

• 


Corn 


1.7 


3.8 


10 ' 


Cotton 


7.7 


13 \ . 


27 - 


Potato 


1.7 


3.8- 


.10 


Soybeans - ' 


5.0 


6.2 


. ^10 


SugarbeetS- 


7.0 


11.0 


24. 


Wheat • 


6.0 


9.5 _ ; 


20 



a. Barley and wheat are less toldraht during 
germination and seedling stage;. ECg should 
not exceed 4 or 5 mmhos/cm. 



When evapor^ation is high, problems ^can arise from the use of sprinklers. 
When* y^ater is applied to /vegetative surfaces, excess quantities of 
sodium and chloride can .be absorbed through the wet leaves and cause 
'leaf burn. Nighttime appTTcations can alleviate foliar \absorpti on and 
leaf burn due to chlorides or bicarbonates. 



TABLE 5-I34: 




. CROP' BORON TQUERANGE [77] 


Tolerant, 
1-3 mg/L boron 


Semi tolerant. . 
0,67-2 mg/L boron 


• Sensitive, 
<1 -^mg/L boron 


' Alfalfa 


Barley 


Citrus * ^ 


. Cotton 


Corn 


American elm 


Ken tucKy d i uegrass 


Berries 


S^eetc lover 

* ' — : 


. Potato 
Tomato , 
Wheat ; ' 






• -TABLE 5-35^ 




CROP'aCIDiII TOLERANCE . [78] 


Will tolerate 

mild acidity, 

pH 5.8. *o 6.5^ 
' 


Will tolerate ^ 
slig^it acidity, . 
pH 6.2 to 7,0 


* Very sensitive"" • 
to acidity, 
PH -6.8 to 7.5 


Cotton 


Corn 


Alfalfa 


Buckwheat 


Beans 


Barley ' 


Bentgrass . 


Kentucky bluegcass 


Carrot - _ 


Millet ^ • 
Potato • • 
Poverty grass 


ClQvers: alsike 
crimson, red, 
white 

Kale 


Sweet clover 
Sugarbeet 


Oats 

Rye : . 
Sudan grass 
Vetch 


Tomato 
Soj^bean 

Wheait * y 


% * 

■ \ 



There are two considerations in trace elemen 
(1) • phytotoxicity, and (2.)-' translocation in 
zinp, and nickel are the prime examples of el 
some plants at . relatively high levels. , 
definitive evidence that thes^^elements hav 
/levels in any land trfeatment^ system [79] 
concern for potential 
This is discussed in detail in Appendix A. 



t accumulation in the soil r 
to the food ^hain.. Copper, 
ements that can be tox1c,*to 

At presents there is little 
e ac«umul ated :to phytotoxic 
The principal element of 

the food chain is cadmium. 



When selecting resistant species to prev 
should be made between accumulatoris and ex 



ent toxicity, a distinction 
clHjders. Accumulators wjln 



tolerate: high, levels of an. element while transferring .large quantiti-e;s 
.of it into the harvestable portions of the.plant. 'making it available 
fpr removal. Excluders' will aUq tolecAte high level's, *tut' prohibit 
passage of . the toxffying element i,nta the frlii.t, root, ^ or- leaf tissue, 
that' is to be consumed. For 'example, corii^riay take Up cadmium but it«is 
mostly excluded fro^Ti" the grain. In general , grain crops are superv(5»\to 
vege.tables in excl'udi ng- Heavy metal s't 79].. . ' ■ ■ y \ 

. 5.6.1.4'^ Se1*eeti=on of Overland Flow Vegetation ^ ;. 

■' ■' . ■ " . ■. ' : ° ' ■ ■ ■ ' ■ - ■ 

Perennial; grasses with long growing seasons*, high moi'sture 'tolerance 
ihydrophy.tic),. and extehsivfe ro?Lt forme^^tiOn -are best suited to the' 
process. ' The grass should .form a *sod and not grow in .bunches.- While 
cgpnmon Bermuda, red top, fe^cue^ and rye grass all form sod, none o"f 
these is always siiitaijle for all weather pond; ti,ons. Bermuda goes 
dormant' in winter; while, red top, fescue, and rye gra-ss c|,re^ cool s'e.ason 
grasses.-. Reed canary gra'^s is the, most versatile but it, is a bjuncfi 
grass. It should -therefore be planted with a mixture of rfther" grassfes 
such as red tQp, fescue, and rye grass. ' - . . 

Comparative field .studies at Paij-is, Texas, indicated that Reed canary 
. grass was the superior grSss at that location.'. It demonstrated \ very 

high nutrient uptake .capacity and yiel'ded , a high quaViJty hay uport- 
Jiaryest [541./ Hauling the crop away during |ia,rvest provides permanerrt 

removal of the. nutr rents taken up during plant growth. Tfie harveste'd 

grass is suitable for feeding to cattleV ' ■ 

5.6.1.5, Other Vegetatrdn ' ' ; 

- v'-'^ ■ ' - ; ■ 

Sod, , landscape vegetation, trees, and wetlands vegetation are discussed 
separately because of their unique .features. 'Much of the previous 
'discussion will apply. » ' 



5.6.1.5.1 Sod 



Spd farming is the controlled growth of turf grasses for transplanting 
.to. lawns, gdlf courses, and parks. Usually, publ ic access_to the 
growing site is restricted so that bacteriological quality of. the 
^wastewater is not a major concern. Because the sod is r^noved 
■periodical ly, the nitrogen 1 oadings can exceed crop uptake' as we-lT a.? 
soil ■ nitrogen accumulation. ' :- " . 
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. ^ .• 5.^.1 .5.2-^Lanciscape Irrigation ^ ' 

^Application of wastewater on landscape .areas such as highway median and 
'border strips-, airport strips, golf courses, parks ^and recreatioaal 
areas, and nature-wildlife areas has several advantages. The areas '\ 
irrigated' 'ar^ Val ready publicly ownedp saving acquisition cost, and 
problefjis associated with crops TOr consumption are avoided. 
Additionally, t^fe maintenance of larid^ape projects generally requires' 
less^ water than other vegetation (since wS^tering in these cases is based 
on vegetaitivfe maintenance rather than produbsti on ); hence, the wastewater 
canine splr^ead over a greater area. ' . \ • - i"^ 

Although sufficient areas to^ accept avcKHable effluent are usually^ 
available, wastewater distribution, especially for roadside rights-of-^; 
way, can be a problem. For roadside application, sprinkler trucks are 
commonly used; :fbr application to golf courses, .pi aygrounds, and nature 
jreas, fixed sprinklers are most commonly used. _ • - ' 



5.6.1 .5.3 Woodlands Irrigation 



Approxinrate average water consumption' rates, for native stands, of 
different tree species are given fn Table 5-36. ^ 



TABLE 5-36 ^ 
POTRANSPIRATION 0F WOODLAND AND FOREST CROPS [8U] 



Evapotranspiration, in./yr 

No, of — ■ — 

studies: 'Average Range 



Pines 


32 


15,; 


, ■■^•5-34 . ' 


Mixed coniferous 
and deciduous 


. 6 


' ,25 , 


. 18-34 


Deciduous 


58* 


17 


8.5-34 


Mixed hardwoods 




31 


27-^5 



1 in./yr =2.54 cm/yr 



Recommended irrigation rates ' for maintaining desired forest crops, 
determined' from studies'using wastewater irrigation; are shown in table. 
5-37. These rates, which generally* agree with those in T^ble 5-36, 
suggest that where water consumption's a primary consideration, pines 
are at a disadvantage. : ^ ' • 
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■ ^ TABLE- 5-37; ' ; 

RECOMMENDED IRRIGATION RATES OF FOREST CROPS 



Species 


•Maximum .t:ecommended 
irrigation rate, in,/wk 


Reason for limit 


Pines [7&. 76, 77] 


■ 1-.' ' 


Satisfactory tree growth rate 
and nitrogen removal 


Hardwoods 






[81] ' • •". 




Satisfactory nitrogen removal. 


[82, 83] ' 


2-4 


Satisfactory tree growth rate 


Douglas firs 
cottonwoods [84] 


" 2 


■ Trees grow well and consume 
all available water at 
this^ rate 


Conifer^ [85] . 

* 


1 (winter) 
* 4 (summer) 
(104 in./yr) 


Satisfactory tree growth rate" . 
' * * • . ' 


1 in./wk = 2.54 cm/wk 




,.■>,■■■ 



^Pines and. other conifens, however, have* an advantage in that tffey 
maiptain. thejr. water uptake rates year-round, tf freezing temperatures 
do ^. not make the wa-ter%>unavail able. Deciduous species exhibit cyclical 
water needs, with a very ractive growing season during the summer, 
followed by a dormant phase 'in the winter. Water consumption then drops 
to a level of one-half to. one- fourth the 'summer rates, generally less 
than 1 in./wk -{ 2 . 54 cm/.wk ) . • A major objective in sil v-icu] ture is to 
maintain an adequate unsaturated soil zone for the proper development of 
the tree root system. 



Wood quality associated^wi th^ effttient-irrigated stapds, as studied by 
Murphey et al. [86], indicates that the-pulpwood characteristics of pine 
and oak are improved via an increase- in fibre length and cell wall 
thickness. Structural strength,, ht^wever, appears to suffer a decrease, 
rendering the wood liess suitable for\constructi6n purposes. 



For tiarvesting purposes, cottonwdod seems to show the greatest' growth 
response to effluent irrigation [82,' 83], and tree harvests every 6 to 
\0 years may be possible. Eucalyptus is a.lso a fast grower , but is 
limited- to areas without hard frosts..^ Studies at Stanford Research 
Institute have suggested the creation of 6ucaJyptus bioma$s pi afntations 
to be harvested and burned for the productioh'of electricity [87]. 




A major limitation to the use of woodlands and forests is the relatively 
low rates of nutrient v uptake. Typical rates; of nitrogen uptake for 
different forest crops were listed* in Table 6-2. Thetse rates will 
usually be maintained through the growing phase (20 to 40 years) ancl 
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will taper off as maturity \i s rearched. Conifers as Christmas trees 
should be .abandoned. The e)ct{ia water and nutr\i>nts cause the trees to 
grow upward, rather thart outward,, resul ting in spindly, unattraetive 
trees. 

: ■ ■ ' 5.6.1.5.4 Wetlands . > 



Experience . has sh\own that duckweed ( Lemna minor ) and various species of 
bulrush i Scirpus acustus/ . Scirpus lacustris, Scirpus ' val idus ) are the 
most desirable speties, based oh treatment capabilities, growth rates, 
and harvest response for marshes [22, 23, 88]. :Cattail^s. seem to have 
trouble competing with ; the bul rushes and duckweed ^ uhder harvest 
conditions [221. ' . ' ' . " 

•■ ' '• .■ . s ■ ■ ■ • • . 

Marsh studies % the National 'Aeronautics am^ ^Spac^ Adminis 
concluded that water hMacinlhs ( Eichornia crassipes ) , and to a lesser 
extent alligajbpr weed V A1 ternanthera philovernides ) are effective in 
removal of both organics and some metal s [89, 90]. • # 

X. ■•' 

Experiments hav^, been xonducted in Florida with cypress domes as, 
nutrient sinks, and they appear to be quite'efficient [27]. Artificial 
peat beds also/, appear *'to be effective, removing 85% of the nitrogen, 
'99^% 'of the phosphorus, and 99.99% of the col i form bacteria when grown 
willh a quackgrass or bluegrass cover [27, 91]. 



0 5.6.1.6 Regulatory Constraints ■ . • 

- . . . » , ' , 

Many states regulate the type of. wastewater that can be used to/irrigate' 
some crops. In addition, several states^require that a suitable crop be 
planted before land application begins [92], In some cases the type of 
crop proposed affects the slope of.'the site that is acceptable. 



5.6.1.7^ Crop Utilization 



Of crops historically grown with wastewater,' under present cost 
conditions, corn appears to provide the greatest (net) profit [93,' 94J. 
At the Muskegon Project, the 1976 revenue from their corn harvest'was 
approximately SI 000 OUO (see Section 7.6). There are no restrictions; 
placed on the sale of this cor'n. • < 



Among the trees, maples (and certain other hardwoods) , cotton woods, ahcl 
pines grown under wastewater irrigation are suitable for sale as pulp, 
but not for structural wood [86]. Cotton wood and eucalyptus are 
suitable for sale as fuel [87]. . ^ 



5.6.2 Site Preparation and Managemeflt • ' * ^ 

It is critical to maintain the sof^ -vegetation system in a healthy, 
protluctiv6, and renovative state, v'?^ ^ successful agricul turaV system^ 
requires know! edge of fanning operation^,. which are described briefly in 
this section;. Assistance in desfgn and pUnning^ can be provided by 
Oocal farm advisers and land grant colVege extension specialists. 

■ ■' ■ ' * • ' ■ ' ' ^ 

' 5.6.2.1 Field Preparation / - - ^ 

Procedures for . preparing,;^^'f^^^^^ Yor . slow rate' systetms may include 
clearing ttie fields of ve94tative growth (bulldozing of heavy vegetation 
into piles followed by burning, or heavy stubble disking on lighter 
yegetajtionj; planning and grading, if required, and Tipping, disking, and 
tilling of ! the soil to loosen and aerate, it. . Undeveloped soil s may 
require chemical soil amendments, including "^psum to reclaijn sodic 
soils and increase permeability, and lime .to redwce acidity-, and metals 
tcwici-ty. Determination, of amendment, needs vl' 3i scussed in Section 
5.7.3.. The effects of lime on element; avail abili^^- are indicated in 
Table .5-:38. Fertil izers may also' be added for nutrien.t-deficient 
soils, although- nutrient-rich wastewaters often make this unnecessary. 



' ^ -TABLE 5-38 > 

EFFECT OF LIME ON ELEMENT v 
AVAILABILITY IN SOIL [76,- 78] 

* . W ■ • r - ■ : f 



tlements for which liming 


Reduces: 


Increases 


avai labi Vity 


availability 


Aluminum 


Calcium 


Barium / 


Magnesium 


Beryl li um 


Molybdenum 


Boron^ * . 


Nitrogen^ 


Cadmium 


,Phosphorus 


Cobalt 


Potassium . 


Copper^ ' ' 


Sulfur^ ' 


Fluoride 




Iron ' 


■ « 


Lithium . 




Manganese 




Nickel 




Zinc 





a. Minor effect on availability. 



.5.6v2.2. Maintenance of Infiltration -for Slow Rate Systems 

. ■ ■• • ■ ■ • ■ 

•Soil-water iffil tration rates can be <ifcduced by surface seal ing and 
^cJL^ging/ The /seal ing is the resul t- of :. (1) compaction of;the surface • 
fro?n machine .working., (2) compaction, from raindrops and sprinkl er drops, 
(3) ,a 'clay crust caused by ^ water *f 1 owi hg ov^er the* surface (fine. '" 
parades, are fitted around^, larger particles' to . form a relatively 
fmperyidus seal ) ,. or (4) cl ogging due to- sus'pended particl es, buil dup of 
organjfc matter, or trapped ^ga'ses.. Thi?. surface layer can be broken up 
by plowing., cultivation, or any other stirri^ng of ^he soil that will. . 
result in increased, water intSk^. . Til Vage. 'beyond the point 'of 'breaki pgr . 
up r an= impermeable layer is-Z'-generslly harmful in that it results i*ti . 
further soil compaction. - The effect of -surface sealing on intake^can be^^' 
greatly v rediiced, andrpb.s.sibrTy el iminate.d, py ifcul tivatf ng. grass ;0r other ' . 
cJose.-gVowing "yegetatibn.^ ' Maintenance df soil orgatvfc -matter through 
the use of high fesidual crops, sucVas barley, and .plowing under of 
. stubDle is another .step that hel ps maintain' soil ^permeabil i ty. . , 

■ ' . ■ : ■ ^ ^"^ .■ . ■ • ■ ■ ■ ' • • ■ ■ ' 

^ 5.6.2.3^ ^Salinity Control ' • * . " 

It the soil is- saline '(£€ >4 mmhos/cm) for most crops, cbntroV measures 
. must be taken. The average sal t concentration of "the soil ^solution "of ' 
the rooting depth is usual ly, three times they^/i.centratton of the salts 
in. the appl ied water .^ia arid climates) arid^'. i s- bal ieved » to ' be 
representative of the /salinity to. which the crop, responds [77]. If 
•excessive salts buiTd . up, the method of control i s 1 eachi.ng by aadi^ngfeK*^ 
enough irrigation* water ..so . t^hat water i n ex-fcess of crop r>eeds percDl ^fes 
below' the' root zone, lowering the overall salinityi The m.osi important 
zone- for, leaching is the upper quarter of- the. root zone where-.llhe 
primary (40%) water u.se.by the plant '^^curs/ ^-^As a rule-of-thunflD, 
•.^b.o.ut . a 12 in. (30 cm) .dep|:h of water leached* tKrough a .12,, in. (30 cm) 
depth of soil shoul d, removS about 3U1 of the sol ubl e .sal ts. • • 



■ . .5.5.2.4 Crop Management -r 

' . " ■ .5.5.*2.4.1 Planting'. . . " -<\ 

L^aT extension service-s or similar experts should be consulted 
regarding planting technique and sctied.ules. 

' '5.6.2.4.2 Harvesting /' ' " * . .' ' , ... 

harvesting' for grass crops ^nd al fal fa i nvoTves re^V^AC cut.t and a 
decision regarding the trade-off between yield and qiiaVity must be made. 
Crop yiel d will usual ly i ncrease . up to and beyond the fl owering stage. 



but qliality^amount of stem versus leaves an<) the amount of digestible 
material ) is highest in the yownger growth stages anc^ falls loff very 
rapidly once the - flpWe^ring stage is reached. Advice cSn be obtain^icSv, 
from Ideal extension services. « ^ 



5.6.2.4.3 Double Cropping 




/ 



ubTe cropping cap ex?fend the 'opeVating period for*sl ow ^rate sxstgfrsV 
increase 'the etonojnic return for tffe system, and* increase the nitrogen 
uptake capacity. ' '-^ ■' ^ . . * ^ ^ ' 

■ / ■ . " ■ , ■ ' • ^ / / • 

A growing practice in the East, and Niiiwe^t is to provide a continuous 
vegetative cpvqr /with v grass and- corn. Th'is "ho-ti)l" corn management^ 
consists af. planting grass -in the fall and then applying a herbic^d^ in/ 
the sprang befoee\pl.anting the corn. >When the corn completes its growth- 
cycVe,. grass is re-seeded. ThusV cultivation 'is ^avaidedT water rates are 
maximized, and nutrient uptake .is enhanQed." ^ 

5.6.2.4.4 Grazing 



. . . • • . .. ■ . . ■ 

Grazing of pasture by beef .xattle or sheep. can prjovide an economic 
return^ for slow' rate systems (see Pleasan-ton, California, and San 
Angeld, Texas, j'n Chapter 7). Thi s approach .has also been successsfuly 
pursued at the land treatment f§rm ijj Melbou>;*ne, Australia, for the past 
65 years [95]. ^^Grfiizing cattle and. sh^ep' keep the vegetative cover $hort 
for maximum wastewater renovation efficiency. Ho health hazard; has been 
associated with the saTe of the animal s foi? human consumptjpn. 



^irazihg animals do. return nutrients to the ground in their waste 
products. ^ The chemical state (organif .and ammonia nitrogen) and rate of • 
release of .the nitrogen^ reduces tie\thr eat of nitrate pollution of the 
groundwater. Much of the.' ammonia-rtitrogen volatilizes. Th^e organic 
nitrogen is^^held - iri^ the soil and is si owl.y mineral iied. . As_a resul t, 
only, a portion of the nitrogen is si owl y' recycled. 



One 'precaution th^t must.be taken is not allowing the cattle and sheep 
to ' graze on wetTtitel ds^ This woul d c;bmpress the^ ground and reduce the 
permeabiVi ty^ of the** soril. As -described, in Chapter 17, Pleasanton, 
Cal-itornia, arid San Angel. o, Texas, solve the problefii by 'using a series 
of fielas in .: rotation., liifastewater irrigation proceeds on ^a.fiel d "as 
soon- as tlie cattle are moved off. In tlrTs manner, by the time ;the 
cattle are fhbyed back onto a field to graze, it has had several, weeks 
dr^out arra firm up. , \ « ' . - 
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Another concern is , the physical contact between the udders of miTking 
animals (cows j goats) and pjattures frH gated with wastewater. This 
could represent a direct vector to human food supplies and should be 
avoided.: - . . 



5.7 



System. 



Mo ni terming 



7 



Monitoriag 
*sign\f leant 
monitoring- 
determine 
environmertt 
"coij^ponents^ 
w«tewatera 
in some"" 
Wa'stewater. 



of ' Und treatment .systems^'nvol ves the observation' of 
changes resulting from the appfication of Wastewater. The 
■data are. used to confirm environmental predictions and to 
if any jCprrective action • is nece^ssary to ^protect the' 
or matritatn the reaovatlve capacity of the 'system* The 
efTHhe f^nvironment that need . to be -observed Include 
groundwater, and soils lipon which wastewater is appl ied and, 
cases< ^ vegetatjioft growing in soiU that are/ receiving 



5.7.1 Water Quality " 



Monitoring. ^of waiter qual i,ty f-or land appl icatiori systems is generally 
more involved than for conventional treatment systems because nonpoint 

discharges of system effluent into' the", environment are involved. 

Monitoring of^ water^ quality at §evefal stages of a 1 and treatment 

process may. be -needed .for process control. These stages may 
(1) applied wastewater, (2) renovated water, and (3). receiving 
surface water or groundwater". 



be: 
waters-- 



-5.7.1.1 Applied Wastewater 



-The Water quality parameters, and the frequency of analyses will vary 
from site to site "depending on the regulatory agencies involved apd the 
nature . of the :>aj?pl i ed wastewater. The measured: parameters may include 
(1) thoie that nrajy. adversely affect receiving water quality either .as a 
drinking - water supply or an irrigation water supply^ {2)'those required 
by regulatory -agencies, and (3) :y}ose necessary for system control An 
.example of a suggested -water quality monitoring program for large 
scale si ow rate system ,is presented in Table 5-39. ' ^ 



5.-7:1.2 




:ed Water 



Renovated water may be recovered as runoff in an overl and f 1 ow system, 
or -as drainage_ from underdrains or q**pundwater 'from recovery wells in. 
'Slow rate and 'rapid infiltration syrtems. Pdint discharge to surface 
waters must satisfy the NPDES permit. 



TABLE 5-39 



.J.:-. 



EXAMPLE MONITORING -PROGRAM' FOR^ 
A LARGE §LOW RATE^SYSTE:M v 



Frequency of analysts 



Groundwater 



.4 



* Parameter 


Applied 
wastewater 


Soil 


'PI ants 


Onsi te 
wel 1 s 


Perimeter 
wells* 


BaC'kqround 
wells 


Flow 


C 




• • 




••• f 




BOD or TOC 


' • "H- ■. ■ 






y 

0. 


0 




co8 ^ ' ^ 
Suspended' sol ids.4. 


' W.' 

' w V 


• • 




0 

.»■ '■ ■ ' 




0 

• • • 


Nitrogen, tpt^T . 


w 


2A 


• A. 


. 0 


o' 


. Q 


Nitrogen, nitrate 








.0 






Phosphorus , total 


M ' ' 


2A 


A- 


0 


0 


' 0 


Col .i forms, total 

■t ► 

PH ;:. 


. W 
D 


0 : 




0 


b 

.0 


Q 


•Total dissolved . 
solids 








,0 


0 




Alkalinity / \ ' 


M 






.0- 




0 


'SAR 

Static water'* 
level 


M - : 


• 0. ■ . 






Q. 

M 


. 0. 
H 



2A = Two samples per year 
A = Annual ly 
- M = Mctnth^ 



ffojte: C = Continuously 
.* D =. Daily 
0 = Quarterly 
W'= Weekly 

a. ^Wastewaltir ap'plied ^hd groundwater •^uld be tested Initially 
and peripdically thereafter, as appropriate, for heavy metalSi^ 
trace organics, or other constituents of environmental concent 



5.7.1.3 Groundwaters 



/ 



In groundwaters; travel tinie of constituents is slow and mixing is not 
^significant compared" with "^^urface Waters.. .Surface 'inputs near a 
sampling well will move vertically and arrive at the well much sooner 
than inputs several hiSndred- feet ' away from the well . "Thus, the 
groundwater sample represents contributions frpm all parts, of the 
•surface area with each contribution , arriving at the well at a different 
time. A 'sample may reflect surface inputs from several y^ars before 
sampling and have^^^-tio association .with the land application system. 
CQnsequently, it is imperative' to obtain adequate background quality 
datia and to l^ocate sampling wel Is so that 'response times are minimized; 



If possible, existtiig background data should be obtained: from well s in . 
the same aquifer, both ^beyond and "within the « arrtici^ated area of 
i nfl uence ^ of the 1 and. appl icati on system. Well s wi thi,. the 1 ongest- 
hi story of data are preferable. Monitoring of background' well s should 
continue' after th^' system , is' in operation- to provide' a .base for 
cpmpaVison. - . ,/ 

'. ■ : • , . ■ - ■ . 

In addition to background sampling, samples shoi/ld be- taken from, 
grognflwater at perimeter points in each.. 'dir'ecti on* of .-groundwater ^ 
movement ,from the site. ■ In 1 ocating the sampl ing weLls, consideration - 
must be given to the position of the groundwater flow 1 ines resulting. ' 
from the application [96., 97]. -Perimeter vyel'ls' should be' located 
sufficiently -xleep to intersect flow lines emanated from i^eToH ftie 
aiipjication area'- but not so deep as to prolong response times. 



■% 



. u - .■ ■ ' ' -i . : : : . ' :. ■' ■<.') . ] ' 

A schematic showing' correct and, incorrect groundwater samplinb Vocations 
is given - in l^igtire 5-32; monitorirtg. points^ f6r."'a hjpothetidaa 
.application si.te are a1 so . shown. If samples are taken at Aland B,.ihe 
groundwater flow .lin,es from the app-1 icati on. area:-inaTeate thkt treated 
effluent would .reach theses points.. It'may requlf e^sev/lr^Hye 
treated ' effluent, to reach , point C because -the flow lines ar^-a_lo^ 
distance from the appl ication surfac^. df sampi3 es "werp" takeo from point* 
^D, mixi.ng wi th surface -water cou-l-d make\,resuW:s in.valid for groundwater 
characterization. .' --TT^ . ,, . ; 

A- .sroundwater. flow model that j)Ked nets g^roundwater, movement in- the area 
of infl uence of . the s-ite wil l.^^e h'el pful in' 1 ocating sampl ing vyel i s. 
.Guidelines for sampling wel.l construction and sampling procedures are 
given- By Blakeslee [98]. , / " • ' , ■ ■ . 

. In addi tiori; ^to quality, -yie depth to grpundwater shoul d be measured at 
the samp^ling.wells to deteniiine if'the^hydrauT the aquifer 

IS vcDrisj' stent with what was anticipated. ^ For^slowr^te systems^ -a rise 
in water ta^le levels^ to the ropt zone would, necessitate corrective 
action 'suGh ^as reduced hydraul ic' Toad.ing or -afd^i ng und^ Jhe 
appear ahce of se^ps >-o,r.^perche^^^^ gh^V^apr^o i ndi cate 

' the n.6ed for eorrfio-five action. ^ * ' "^j "^-^-r^^r-^. ^ 

5.7.2. Soils Management ■ ; 



In some cases^ application of wastewater to* the land will .result in 
changes in soil prpperti.es..: Results of sWjl samplin^'and testing, wil.l 
serve. as the t>asis for deciding whether or not soiV properties sh6u1 d be... 
adjusted ;by the appl ication of chemicaw/amendm^ents. Soil properties^ 
tbat* are important tp>-.managelftGnt^ inclucle:- (l7 ph, (2) exchangeabV^'^^ 
sodium percentage, (3) salinity, (4)%utrT^rtt;s^tus, and *{5) metal s. 
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FIGURE 5-32 

■ SCHEMATIC OF GROUNDWATEl^ FLOW LI'nEs' AND 
• *v AUERNATIVE monitoring well locations [951 

r :■ . . : . : . V 

LAND TREATMEMT ' 



AREA^ 




^ A- ^ CORj)ECT MpNllORlNG 
LOCATIONS . 



5.7.2.1 -pH 



Soil pH below 5.5 or above 8.5 generally, is harmful to most pi c(nts '( see ' 
Table b'-35). . B6low pH. 6.5 the capacity of soils to retain tnetal s J s 
reduced significantly, the soil above pH 8.5 generally indicates a high 
sodium content and possible permeability problems. If wastewaters 
contain high concentrations of -sodium, the soil pH may rise, in the long 
term. A pH' adjustment program 'Should be based on the recommendations .of ' 
a "professional agricultural consultant or cpunty or state farm advisor. 
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■5*7.2.2 Exchangeable Sodium Percentage 



When the percentage of sodium on the soil exchange complex (ESP) exceeds 
10 .'to 15%:# 'iiroblems wi'th reduced soil p&rmeal?il ity can occur. Sodic 
soil condit^oris ipay be corrected by' adding soluble c^flcium to the soil 
to displace the sodium on the exchange and' removing the displad^d.. sodium 
by leachingv. Calcium may be. "ap.pl ie.d in the form of gypsum (CaSO/,) 
enh€r as dry ; powder or di.ssolved i-n the appl ied, wastewater. The' 
amount of gypsum ' to a^ply may be 'determined by a laboratory' gypsum 
requirement, .'test as .described in the standard references.* If a soil is 
C.alcarefDus, that is, containing calcium in the form of .insoluble salts- 
such as . carbonates, '. sulfates, or ■ phosphates, the .calcium may be 
solubil'ized and. made available for sodium dislDlacernent by the addition 
of acidulating-s^c^icals— "Sulfur, sul fur-ic- acid, or iron' and aTumirtum 
sulfate. A cdmpciriSon of .these, chemicals to gypsum is presented in- 
Table 5-40. ^ - \ • . , . , 



TABLE 5-40 



A COMPARISON OF CHEMICALS. JO^GYPSUM ,[99] • V 



Amendment 



Tons equivalent to 
T^ton of gypsum 



. SuTfur, S 
Nitrdsol , 20X 40X S 
.'/'Sirl funic acld^ "A^^^ 



Limestone, CaCO, 



0.19 
' 0.47 
0.57 

0.58 



Lifee-sulfur, 24X S 
Gywum^ CaSO^. • ZKg'O' 

Alum, Al^lSO^lj ' 17 



Ferrous sulfate, FeSO^ - 7 H^O 



0.79. 
1.00^* 

1.29 

1.61 . 



1 ton = 0.907 Mg 



5. 7,, 2. 3 Sali-nity 



The l§vels at;wKich sal inity becomes harmful . to pi aV growth depend on 
the' „type -af-ti^op. Salinity in the root zone is .controlled by leaching 
soluble salts to the sybsoiT or drainage system (see Section 5.6.2.3). 



5.7.2.4 Nutn'6nt knd -Trace Element Status ' 

The nutrient status , of the 'so'n and the /need . for ..supplemental 
fertilizers should be ^riodically assessed. The levels of metals in 
the soil may. be the factor determining the ul timate useful '1 ife of the 
system. University agricultural extension services may^provide the 
service or recommend competent laboratories. 



5.7.3 . Vegetatiofn 




Plant tissue analysis as pre^ably more reveal.ing than 'soil 'analysis with, 
regard to .deficient - or to;5ic lesyel.^ of elements. All 'of thJ 
environmental factors that affecl; thef liptake of an el ement \are 
integrated by the . plant, thus eliminating much of .the complexity 
associated with tflterpretation of soil test results. If a regular plant 
tissue monitoring ^program is, established, deficiencies and toxicities 
G-an te . determined and corrective action can be - taken. Detailed 
information on = plant sampling and testing may be found .'in Walsh and 
Beaton [iqo] and. Mel sted [101]. : , ■ .• , 

.... ■ ■ V-' . .■ . .' ■ " 

5.8 'Fac-iiTties Design Guidance 

The- /purpose of this section is , to 'provide guidance on aspects of 

racil.itles desrgn that: may be finffemil iar . to some environmental 
engineers. . ' | < 
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Standard surface^irrigation practice is to produce longitudi- 
nal slopes of O/T to 0.2% with transverse slopes not exceeding 
Q.3%. ■ ' ■ — . 

■J '. - ■ ■■ ■ ■ ■ ■ ,. .,- 

Step>l, Rough grade to + U.lS ft (5 cm) at 100 ft (30 m) 
. . grid. stations. ^ ' 

.■ '■ « / / ■ ■ ■ 
Step 2. Finish grade to .+ 0;10 'ft (3 cm) at 100 ft (30 m) 
a ' 9i^id stations with no reversals -in slope between 

stations. , . 

- Step 3. Land plane with a 60 ft (18 m) minimum wheel base, 
land plane to a "near pierfect" finished gracje. 

^ . ■ ; 

• Specifications are available from the SCS for agricultural 
land leveling ,[102]. " • 

• • Overland flow slopes shoiWd be, gradisd to specification twice 

and chgcked for bulk density and degree of compaction to en- 
sure relatively uniform conditions and prevent settlement 
• during initial operation. . v 

'i . ■ ■ ' ■ ' . \ ■ ~ 

• P^e site is large and intense rainfall is likely to' occur, 
a moiiimum amount of finished slope shouldii be prepared at any 
one me. ' 21' 



Access to sprinklers or- distribution^ plping--shbul d be provided 
\every 1^300 ft (390 m) for convenient maintenance. 

[Both asbestos-cement V and 'PVC irrigation pipe are *rather' 
Vfragile and require care in handling and installation. \ 

To)psoil should be stripped and preserved during initial 
overland fl ow'site grading, then replaced on the slope. , V 

/ ' ' • . . • ' ' \»- ■ 

iRe.ed canary ^grass requires about 1 year to become established,. 
V cbnfpanion . crop of orchar^d or rye grass is recommended fo'r 
tke first year. * 

/IT?1 water; /eturn systems should be' designed to'^^rlT^ 
collected water to all parts of the field, not consistently to 
the same area. ' ; — 

.Screening- should be' provided for distributfph pumping on^the 
3ii€*4:^^fi^de to heTp prevent nozzle -pi ugging; . \v ' 

Diaphragm-operated' globe val vesJshould be used for controUIng 
flow -to lateral s. ^ . / 

All electric (equipment - should be grounded, £speci,ally when 
-associated with center pivot systems. 

Automatic controls can be electrically, hydrful ically or 
pneumatically operated. Solenoid actuated, hydraulically 
operated (by the wastewater) valves with small orifices will 

clog from the solids. .. . 

- ■ ■ ■ ' 

iJs^ ^36 in. (1 m) or larger valve boxes made. of corrugated 
metal , concrete, fiberalass, or pipe ntaterial . '..VaTve..bpxes 
should extend 6 in. tl5 cm) above grade to excl ude stormwater. 

Low pressure shutoff valves should be use4 to avoid continuous- 
draining of the lowest sprinkler on the lateral . . * 

Automatic operation^can be control led by tiiiier clocks. It isC 
important that when ,the timer shuts the system down for any 
reason that the field valves close automatically and that the 
sprinkling cycles resume as sche.dul ed. when ^ sprinklinj 
commences. The clock should not reset to time zero when an 
interruption, occurs. 

High ^flota-tion tires are recodimended for land treatment 
systems. Allowable soil contact pressures for center pivot 
machines are presented in Table 5-41 . 

Underdrains are only effective in saturated soil If they 
are pl^aced. in a well to moderately-well drained soil above ther 
water table, they will not recover any water. 



TABLE 5-4V . 



ALLOWABLE SOIL CONtAw PRESSURE ' 



% fines 


Contact 45ressur.e, lb/in. 2 


• . . 




■ -40 


■ 16 • , 


^0 . 





• . ' . Note: To Illustrate the use of this • • 

^ . ' table, if 20% of the sqil fines w . ■ 

J^ 'i . ' peiss through; a ^200*meSti screen,, ttie " » . ^ 

* ' contact press'ijre ot the supporting T ' 

" ■ structure to the ground should be no ' ^ /■ 

more than 25 Tb7in.2. If this is • * 

exceeded, one can expect wheel - ■ ^ ^ ' ; 

.« . ' .. tracking.problems j:o^occur. r ./ 

■ ' " " - ■ - ■" ■■ ■'■ ■■■ ■ ■' "V'. '■ \ . 

Per/or.ated conl^tnuous plaistic pipe Is generaVly more pcorrb- 
micaV than clay. tile or bell spigot pipe for underdr^irns. ^ 

A filter sock pl^ed over plastic drajin pipe will help pre-', 
vent clogging— a. grlvel Envelope is unneteisary. .Encrustihg 
by iron, etc., can prove^to be a problem over time. . > 

'-^I'lastic drainage pipe vJfeth' cut or preformed openings is less 

lijcely to plug than pipe:. *i,th punched openings. . 

' ■ ■ .-'->■' • . ■ . ■ ' • . ' ■ . ■ 

• Maximum depth .of • pi acement for ;.^andard agricultural 
' continuous drain- tile trenches, is 5.i_±t„(1.6 m) . Bucket- type 
t»;;enches are needed tp place tile deeper. i> 

Intensive shall ow drainage may be more "economical than deep 
widely-spaced drains.. 

Disking or harro^ng soil surface about once per year can help 
maintain infil tration. capacity. 

plowing in "heavy" soils will develop a plowpan layer at the 
. tip depth "Of the plow. Ripping or deep plowing at'2 to 4 year' 
intervals' may be necessary. 
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CHAPTER 6 



SMALL SYS^TEMS 



• €. 1 ' General Considerations 



According to a ,1973 survey, 54% of the land treatment systems were less 
' .than T.O Mga1/d- {43.8 L/s) LlJ. While th^ design principles of land 
treatment are the same for all sizes of systems,, the apprpach should 
. . consider a system that !is compatible with community resources,- design 
and operationaV complexity, and possible environmental impact. The 
criteria presented in this chapter are. principally, intended for systems 

• with a daily .wastewater flow of 0.2 Mgal/d (S.S L/'sj or less.but in some 
cases may be-used. fpr intermediate systems 'wfth flows from 0.2 to 1.0 

- Mgal/d (8,8 to 43.8 L/s).. For treatment systems with flows greater than 
. / V.O Mgal/d (43.8 L/s), .'the . additional design details presen^,d in 
- Chapter 5 should be considered. Sources for cost data are described in 
Chapter -3. - , . 

• ' • ■ ■ .' V ' ■ \ ^ ■ ■ ■ .\ ■ ' ^ ' ''^"^ • 

Small , systems genef'ally do not have ful 1-time operators, so a design 
that requires a few days; of field operator time per week or a few hours 
: each day is desirable. In recognition of this, a small system may be 

• desiVgned somewhat conservatively, and hence should be less affected by 
climatic and wastewater .variations than larger systems. Further,, a" 
conservative approach to design, is often necessary because actual field 

: data cain be quite limited. If, for example, thitfVe^ts a-'range of soil 

• permeabilities, the lower values , should be selected^r design. The 
J: capabilities of this system • or the operators will generally not be 

sufficient: to . take advantage 6f varying site conditions' to .minimize 
, .costs. . The type af ipformation typically required for the design of - a 
•small system and sour'ces of Information are presented in Table 6-T. 

■ :■^. ::>^^rv:v^Y..;. ^^: 

6.2 ' Design-Procedures - , ♦ • 

• The design procedure for small systems follows a sequence of events as 
presented in Figure. 6-1. The necessary information to complete each 
step is presented in the following, sections. ' 



The determinatipn^of wastewater charactferistics and.flows is the initial/^ 
desigr^ ste*p.. For existing treatment systems, the preferred^ metfiodjj^^ 
measiire actual flows and wastewater characteristics. F or ^systems omder 
planning or construction, an estimate of important wastewater 
: characteri stirs can be made with the aid of Table 6-2., using medium 
strength" values for average, domestic/commercial cpnditions-. The strong 



6.2.1/ Wastewater Characteristics and Flows 





6-1 



ERLC 



values would apply, for^. new syst^ with low water use and some minor 
industrial wastewater contr'ibuti'ons. " Weak values would be more 
applicable to systeifts where an. older collection' system with little or no 
industrial wastewaters and where infiltrating water results'in dilution 
of the wastewater strength. 

TABLE 6-1 ' 

' TYPES AND SOURCES OF DATA REQUIRED FOR^ 
LAND TREATMENT DESIGrfS 



Type of data 



Principal' source 



Wastewater data' 

Soil type and permeability 

Temperature (mean monthly 
and growing season) . 

-Prpcipitation (mean 
monthly /maximum monthly) 

Eyapotranspi ration and 
evaporation (mean monthly) . 

Land use 



Zoning . ' 
Agricultural practices^ 



Surface and groundwater 
discharge requirements 

Groundwater (depth . , 
and quality) - 



Locaf wastewater, authorities- 

SCS soil survey 

SCS soil survey, NOAA, local 
airports, newspapers , 

■ ' f' 

SCS soil survey, NOAA, local . , 
airports, newspapers ' ■ ' 

Ses 5oiT survey, NQAA,. local 
airports, newspapers, agricultural 
extension service 

SCS soil- survey, aerial pKotos from 
the Agricultural Stabilization and 
Conservation Service,' and county 
assessors' plats ' 

ComoiliAi'ty planning agencyi city or 
county, zoning maps,,,. . ' ' 

SCS soi r survey , agrvculfural 
extension., service., county agents 

State or 'EPA ' 



State water agency, USGS', driller's 
Jogs of nearby* wel Is 



Another source of dilution may be cooling waters- and other IbW^^^^^^^ 
discharges ; from local industries. Special attention should be- given' to 
wastewater from_ nonhtfusehold sources that may contain constituents 
significantly different than 'those in Table 6-2. Characterization of 
.nonhousehold.wastewa,ter should be made from field sampling, measurements 
at existing facilities, at some o^Kier similar facility, or from 
published values L2]. Significant amounts of nonhousehold wastewater 
may require additional design consideration from thaj^ given in this 
chapter. " 



FIGURE 6-1 . 
SHALL SYSTEM DESIGN PROCEDURE 
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TABLE 6-2 _ . 

IMPORTANT COMPONENTS OF DOMESTIC WASTEWATER [3J 
: " . mg/L . . ' . 



Concentration 





Strong 


Medium 


Weak 




BOD5, 20*C . " 


300 , 


200 


100 


' Suspended solids 

h " . ■ ■. 
Nitrogen hs U. ^ 


350 


200 


100 


V 


7 .Organic- " 
/ Free anjnonia 

• Nitrafe.5 . 

, • • ■ 




A 


8 

12 




.Total 


85 


: 40 . 


20 . 




.. * ■. • -V • 
" Phosphorus as P 




* -3 




>» 


' Organic - 
"^X Inorganic 


5 
15 


2 
J, 




" * ;V / , To tell/ 


20 


10 


.6 





' ■ ' ■■■■■ ^ •• ■' ' . ■■: *' . .. ; ■ 

■' ■ . . , * * . ■ ' ' • 

The annual vbBirte, of wastewater will be used tb estimate the application 
area. . Due toi'.l^e extcemeTy variable nature, wastewater ffows are best 
determined from: «eld measurement. In cases where this is not possible, 
arjt estimate ^tan^ be made from available - data using a per capita or 
fixture basis t'43.V.* The' per capita basis is genera Hy'Veferred. 
Typical f 1 ows from r^creati onal f aci 1 i ti es and i nsti tiltionaT .faci 1 i ti es 
. are presented in Tables 6-3 and 6-4. v> common value used to estimate^ 
datly wastewater flftws is 75 gal/capiti (284't/capita') with a peaking 
factor of 4.0 for the peak flow. L5j. Seasonal variations in flow should 
be considered jn tbfti- estimate of annuail wastewater volume and in 
discharge requiremettt^v'- - 

■ ■■.-y . r.. .:. ^ • . ■ ^ , 

6.2.2 ^jocate Available sues 4''^^ ^ 



Identification - . pf .sites *^for small iystems is ^usually iriuch les\ 
complicated thart that for larger systems. The search begins at the 
point of wastewater collection and^jradiates outward until one or more 
potentially ^suitable sites'Vhave ^en located. /These sites may -be 
identified by the following' desirable features: . i 



1. 



Fairly large tracts of undeveloped lajijl or farms undfep- a 
single ownership. V*. ' s^; 

2v. .. Lany.^^^^^ or has been "farmed, or if forested. . 



TABLE 6-3 

DESIGN UNIT WASTEWATER. koWS FOR RECREATIONAL 
FACILITIES, YELLOWSTONE NATIONAL PARK {3 1 



Establishment 



Unit. 



Unit .flpw,. gal/d ' 



<^CamDaround fdevelooedl 


Person 


. ' ■ 25 •. • ' ■" 

■■ ' • I-'.* 


1 ndflo nr r;ih'1nc « 

> » • ' . ■ ■* ■ •*•' ' . 


^ -. ■ 
Person ■ 

It ... J " 


50 1 






t . 7«; 


.11 Q/i ic 1 1 V 1* 1 1 a y c ' 


Porcnn 

r CI jUii . , 

. ' ' '. * 




^* uui 111 ■•uui jr 1 .uuii^iiuudc 


r crson. 




^Res 1 denjcfi^'.hpfties^ i apa r tmen ts 


Person -* 


/D 


Mess Jal) . - 


Person 


■l5'., ".' , ■ , - 


'Offices. and stores > 


Employee ■ ■ a 


.25 . r v-v^i^'^ • .^ ■ 


•yisito'r;<:e,hters - . 


VisitorV' v'' ^ ' ■ 




•e.afe,ter1a- ' ■ 


Table-seat ' * 


■ ; j^p ':--; " . • 


Dining room 


Table seat 




Coffefe' 5hop 


Counter seat 




: Cocktail lounge .. 


Seat 




'Laundromat . ' ' 


:• Washing machine 


500 ; 


Gas station ' - 


Station V 


. 2 000-5 000 • \ ; \ 


F!sh-cleaning station 


Station" * [ 


. : 7 500' ■. -. r.;^,: -Av- 



TABLE • . 

AVERAGE WASTEWATER "FLOWS FROM 
INSTITUTIONAL FRAGILITIES L3J 



Institution ' 


' "Av^ flow, gal/captt^a. 


Medical Ijospital 


• 1^' 


MentaT hospital 


' .v'^l-:.^ 125 . 


Prisons . . 


■. -175 y :^:V ' 


High schools 


■ - . -20 


Elementary schools. 


^0^ 



'"VJ<9al /capita ^ 3.»78 L/capita 



Location fs. t^latiyely. nea^ point bf.wastewater collection. ' 

Groundwater is more than 10. ft (3^^^^ deep or thepfe is a nearby 
water bpc|y that could bfei^used;'^^^^^ receive the-underdrainage 
needed to lower the water tabH ;and to receive ^he percolated 
effluent. i 




, Land. ,. 't.h|.t., ;H ... .al-ready^ ';for.\ sal e or that can be" bought wi th 
reasonabje 'negottations.^ ^ ■• . . ■ 

: '^-y^y'^ H^j^:/ , , ' ■ . . 

Zoni ng ' tfrat .1 s ' r coinp,ati bl e vii th* 1 arid treatment f ac 11 i ti es 
requi>erfi^ritsV; such • a^^^^ 

.7. Existing';- 1^^^^^^^ (e.g., golf courses, parks, highway , 

landscapin^)v( • • - < , - ^ 

8. Access frcim.dey^^ and power, supply. , - 

At this point in .■^tlie., si thie land treatment 

process nor the totat laliil^ are^^^^^^^^ In order to; make some initial 

assessment of the sites, ^sbm^ preliminary estimate of area is needed. 
Guidelines to land area r^eeds;;;for preliminary site iden'tlficatio'n are 
provided in Table . 6-5. These values are for screening purposes only, and 
must be refined as the study progresses. 



> • T^BLE ,6-5 

TOTAL LAND WE^ GUIDELINES FOR 
PREL IMI NARY. 4lTE I DENTIF ICATION 



Land area, acres\; 



Avg design 
flow, gal/d 


slow riate 


Rapid infiltration 


* •■ ' 

Overland flow 


6 mo/yK\.^)2 mo/yr 

' ' r— 


12 ;rt)0/yr ■ 


F:10.5 mo/yr 


100 000 


15-30 7,5-20* 


0.5-6 . ' 


3-10 


200 000 


30-50 15-40 


1-12 . 


^' 5-20 . : . 


300 000 


40-80 . 20-60 


J. 5-20 


. 10-30 ''-J 


500 000 


60-150, 30-100 


.2.5-30 


- 1 5-50 


7-50 000 


100-200 ^ 50-150 


-vV . .4-45 : 


I 25-75. 


1 OQO OOG - 


150-300 .75-200.. 


5-60 


" 35-100 



V00';do6- gal/d -<A^^a j,7s..- 
1 acre = 0/405 ha' " ■ 



t ■ " . ■ 

6,2,3 Site Characterization 



Having identified the potential sites,, the next step is to 
systematically describe the. site characteristics. TheseVcharacteristics 
and, the required effluent quality requirements will combine to suggest 
the type of land treatment process. that should be used. 



. : 23:? 



Site cbaracteris*tcs-that sheu^^^^ include the following: 

1 Soils--type,» distributforVi peirmeabil ity of most restrictive 
layer'Si physical and chemipal characteristics,, and^ depth to 
. • groundwater * V ■ . , 

2. Available land area, both gross §ind *net areas (i^e.,.excludjng' 
roads, rights-of-way encroachments, stream Channels, .^nd^ 
unusable soils) ' ' , *; 

\'3. Distance from source of wastewater to site, including 
elevation differential v^\-- " vV 

4. Jopography; including relief >rid: $Tope'sy^^^^^ 

. / ' ■ ^ ' ■ • 

5. Proximity of site, to industrial , ^commercial , residential 
developments; surface^ water T streams; potable watier wells; 
public use areas such as . parks* cemeteries, • or wildlife 
sanctuaries • , ' \ 

• 6. Present and future land yses 

I 7. Present vegetative co^e^ ' * 

- ' ' .. "^ll;:-- ■ ' : , • ■ 

6.2.4 Select Land Treatment Process <•.'. 



The selection 'of the, appropriate unit process depends priinarily on the 
f^^Vowi^pg two conditioii^ 

. ^ J..^' Soil characteristics at the prospect iye^ -site 

The requirements of the discharge permit on groundwater 
quality ' 
V. • . . „ , ' ' ■ ' ■ ■ 

' ' . . ■■ . ' 
Obviously, other conditions such as' other site features, total land, 
area, operating personnel, and related economic and environn^entaj'^" 
factors, combine to help form the final conclusion. A decision matrix;;' 
for forming preliminaVy conclusions on *the Itirid treatment process basea^ 
on technical considerations, only ,is, presented in Table 6-6. Other 
related .conditions can then be used tb-'finalize the decision. 

The preferred- land treatment options for small systems are, in order: 
slbw rate, rapid infiltration, and ^overland flow. Other treatment 
processes have been used to treat wastewater in research and 
demonstration projects^but applicable design criteri^vafe not generally 
available. Slow rate systems are the first design choice because- of the 
similarity tQ,, normal agricultural practices, and their performance is 
the Teast ^sensitive to operational changes so that .treatment reliability 
under variable- conditions is greatest. Rapfd infiltration systems are 



.' Table 6-6 • 

preliminary selection of land 
^ treatment systems 



Range of soil permeability, tn./h 



Levels of effluent 

\ quality iNPDES — — 

permit), mg/i <o.06 . 0.06-0!2: 0.2-0.6 .0.6-2^0 2.0-6.0 ■ 61-0-20.0 



<BOD » 4 A 
^SS = 2 / 
<N -'4 i 
-0.1) 



^BOD » S I 

^SS, = 5 . ( 

= 15 ( 

1 ) 

\ ■ 

*^BOD = 10 \ 
^SS = 10 

^P '= 5 ) 

No. surface 
discbange^ 



Slow rate Slow rate ^low rate Slow rate 



>20.0 



.. Rapid . Rapid 

infiltration Infiltration 



Rapid 

infiltration 



Overland Overland 
flow - flow 



Slow rate Slow rate Slow rate Slow rate Slow rate Slow rate 



Rapid l^apid 

i nf i 1 trati on i nf i 1 trati on 



Rapid 

Infiltration 



a. Discharge to ^groundwater or indirect discharge to surface water. 
1 In./h = 2.5,4 cm/h 



the second choice in small scale systems because removals of most 
wastewater components are excellent with low operation and maintenance 
requirements. A consistent level of nitrogen removal, however, is more 
difficult to obtain than with other systems. In some groundwater 
aquifers nitrogen content is of little concern, greatly enhancing the 
use of rapid infiltration systems. Overland flow systems require the 
greatest level of on-site management to maintain high levels of 
treatment, so extra operator training m's required, particularly for 
proper maintenance of the terraces. 



After selecting the unit process, the required "wetted" or application 
land area can be computed. In general, this calculation requires 
development of the hydraulic application rate and the duration of 
application during the year. It afso requires consideration of 
additional applied water in the form of precipitation and the lost water 
due to percolation and evapotrarispi ration. This computation is usually 
combine(j with a water balance computation for^, determining storage 
requirements. For .each treatment system this procedure is somewhat 
different. Therefore, computations of wetted land*area are discussed 
separately for each process and- summarized in Table 6-7. * 



. ' TABLE 6-7 

SUMMARY OF APPLICATION PERIODS FOR LAND TREATMENT SYSTEMS 



App1 i cation 



Unit process 


Crop 
management 


Description 


Estimated period 


, Slow rate 


Annual crop 


Growing season only 


3-5 months 




Double crop, 
or perennial's 


All year uhless restricted 
by weather or planting 
and harvesting - / 


6-12 months^ (also 
see^ Figure 6-2) 


Rapid 

infiltration 


■ NA . 

V 


All year-round, if in, free 
draining materials 


12 months ; 


Overland 
flow 


Perennial 
grasses 


All year unless restricted 
by weather o* 


See .Figure 6-2 



NA = not applicable. - 

a. this period is maximum in semiarid areas. The lower values should 
be used where v^inters are severe. C 



6.2.4.1 Application Area For Slow Rate Systems 



The application area for slow rate systems is based on a; weekly 
application rate and the length of the application season. The 
permeability of the predominant* soil types combined with crop water use 
determine a weekly application rate, as shown ill Table 6-8. Water use 
requirements of most crops will • be met using the rates presented in 
Table>6-8. - ^ - _ . 

TABLE 6-8 ^ 



DESIGN APPLICATION. RATES FOR SMALL SYSTEMS 






. ■ » . 

Application rate, in./wk 


SCS jDermeability 


SCS permeability 




Rapid Overland 


class 


range, In./h 


Slow rate^^ 


infiltration^ flow^ 


Very slow 


<0.06 






Slow 


0^,06-0.2 


0.5-1.0 


. ... 4-8 


Moderately slow 


OlZ-O.-G 


1.0-1.5 




Moderate 


0.6-2.0 


1.5-3.0 




Moderately rapid 


2.0-6.0 


3.0-4^0 


4-20 


Rapid * 


6.0-20 


'4.0 


8-30 . 


Very rapid 


>20. 

0 




12-40 ..... 



a. Application during growing season. * . 

b. Year-round application . ^ 

c. VjDlume applied equally, durlijg 5 to 7 days per week; low value for 
screened eff luent and higher rates for primary and -biological 'treat 
ment e^^luent. . 

. 1 In./wk « 2.54 cm/wk 



The length of the application season should be computed oji the basis of 
intended management. Two management tectiniques are commonly practiced: 

1.. Grow a single, annual crop 

2. Grow perennial forage- grasses,* practice double-cropping, or 
use the no-till management system ' • • 

For a single annual crop, the application period will* be the growing 
season plus any preplantipg or- after harvest irrigation and .could result 
in an application period as short a? 3 months. For this reason, the 
second management technique is generally used. 

For the second case, the application season is detained from climatic 
data given in a county soil survey or other local source, for the 
proposed vegetation. The mean growing season, 'i .e. , the number of weeks 
between the lasf 32T (0"C) occurrence in the spring and the first 32°F 
(O C) occurrence in the fall, is used for all annual crops. Typi-cal 
annual, crops used in the United States with, land treatment systems are 
corn, ^. wheat, barley, cotton, and soybeans. To extend the application 
period for annual crops, they may be double-cropped, or winter or spring 
cover crops may be planted after .harvesting. Per^nial crops are ■ 
typically forage grasses such as Bermuda grass, orchard grass, tall 
fescue. Reed canary grass, and . alfalfa. Wastewater can- be appl'ied 
between occurrences of 26T (-3.3"C) temperatures in the sprind and 
Tan. The appli*ation period should be reduced by 30 to 45 days to 
allow for planting (annual crops only) and harvesting periods. The 
annual application volume is determined by multiplying the weekly rates 
from Table 6-8 by the length of .the application season in weeks. The 
-annual application rate determines the required application area- 
according to-the following equation: . 



(6-1) 



, P 36.8 Q 

^ • " LR 

where F = field area, acres, (haiH, 

Q: = annual flow, Mgal/yr Im /yr) 

L =, period of application wk/yr • 

R = rate of application, in./wk (cm/wk) 

36.8 (0.01) = conversion factor = 3.0& x ^^-^ 

Mgal ft 



6.2.4.2 Application Area For Rapid Infiltration Systems 



Where application of wastewater to infiltration basin is' by -flooding, 
the period of application is the entire -year. An exception may occur 
under one of the following conditions: 

1. The s6il is fine textured or not free draining so freezing of 
• water withtn the soil pores renders it imperroeable. 

. 2. The water is applied by sprijikler methods, and the droplets 
freeze and coat the surface with ice. . 

3.; There is a severe low^temperature resulting in freezing of 
water in the distribution piping or as it exits. 

' ' ■» ^ ' ■ , ■ . . * 

■ • , . _ ,' . , •■ ' ■ 

Although some provision is recommended; for storage to account forgone, of 
the above events, the apjplicatioh period can be assume"it^ 12 months. 
The /application rate can be seli^c^ted from Table 6-8 based oYi soil 
permeability. Then, using Equation 6-1 and an application period of 52 
weeks, the application area can be computed. 

^ 6.2.4;.3 ;A^^^ Flow' Systems . v 

,T|iis procfessv fequi'r^ ah ^ffluerrtr discharge to either a ^urface water 
body or. another: lihft proce^^^^^^^^ rates are not 

rdepentient on soil permeability but rather on biological activity.- 
Experience hSs indicated that an application rate of 4 in./wk (10 cm/wk) 
will easily match biological activity on the prepared slopes. ' 

^ r . ■ . ■ ■ . ■ , 

The- application period is usually determined by climatic conditions. 
These conditions are similar to those for perennial gri'sses with slow 
rate systems. In general, Figure 672 can be used to estimate the number 
of days that overland flow cannpt operate. Subtracting this period in 
weeks from 52 wk/yr will result in the application period.' Using 
Equation 6-lV the wetted are§ can be computed. . • ^ 

6/2.5 P'reappl i-Cati on Treatment . ^ 

Preapplication treatment is desirable for small scale systems to control 
nuisance and odor conditions during storage with slow rate and bverland 
flow systems, and to lessen bed maintenance on rapid infiltration 
systems. -"Biolbgical treatment- is often employed with many forms of land 
treatment but may be avoided with overland flow. Also, rapid 
infiltration may be Used with only primary level treatment but the 
application rste must be reduced somewhat over that of secondary level 
because of the ^^logcjing effect of ^suspended solids. The use of primary- 
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effluent is recommended, but if land area is limited it may be necessary 
to provide a higher level of preapplicatipn treatment. A suggested 
guide to the' selection of preapplication treatment levels for each land 
treatment process is presented iYi Table 6-9. 



.TABLE 6-9 

MINIMUM PREAPPLICATION TREATMENT PRACTICE 
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Process , Preapplication treatment 



Slow rate ' - , ^ , 

Surface application Prlpary: sedimentation , 
Sprinkler application . . Pplmary or biological^ 

Rapid '1nfiltra.t1on . Primary' . 

Overland flew .: * Bar Screens and- 

comminution f 



* / \ ai Typically oxiMt.ion pon(Js or aerated lagoons. 




6.2.6X^Storasf? Requireinents 

Storage voUlmeL estimates must include consideration of the total water 
balance for the year. .However,* the designer can approximate this 
storage by referring to Figur,ei;,6-2 and selecjting the proper values for 
the geographical location in qu€ssH[:ion.j;^h^ the figure 

represent days of storage fpr,the:^w^ of 
wi nter condi.tl ons . Storag^;^^^ 'may 66 ' f tf'r|&e^^^^^^^ by sea- 

sonal discharges to surfac#wiiters;^';i.f^^^^ Storage 



.volume guidelines are sumiDarized inp^able 6rl(&>^'^:^ 

■ .:■ TApE.6-lfl . ■ >^A^^'V.^^^ 
. GUIDELINES p^vSTORAGE VQLlJMBSf 

-1 , , : : ' ' ■ " ■' ; • ; ■ ^ .^ffT-W 

^ La rfd "treatment ^ \ >.''.r " 

. 'process " - 'Storage" volume guidelirj^s 

Slow rate . . ■ . ' , 

> « ■ » .• - ^ • 

Annual crops Up 'to 9 months' of flow «. . 

Perehnia.l crops 0.5-6 mcriths of flow, see Figure 6-2- *' ^ 

Rapid infiltration 7-30 days of flow ; • 

Overland flow See Figure 6-2 ' ■ 
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6.2.7 Selection of Application Systems 



In preliminary design for si ow rate, ^the method of applying the water 
must be decided. Surface appl ication is preferred ' where the si te - 
topography is quite flat or is suitable for appl icatiqn with a minimum 
amount.of leveling'. This method pf appl ication of fers the least capital ' 
cost and the least operation and maintenance cost ^r most systems. 
Also, there- should be no problems wi^th aerosor transport or need for 
buffer zones. ] " 

■■ .■ . / • ■ ■ 

Sprinkler application ^nay be used for almost any^ topography, but 
prefer^ibly one' having slopes of less than 15% to minimize difficulties J 
with effluent runoff and ibrosi on control . For sfttall systems, the use of^ 
surface application sy sterns is preferred for both rapid infiltration and 
overland flow treatment. ^ ' ^. - 



• • ■ ■ ■ y ■■ . 

6^2^18' ' Postappi icatVon Treatment 



Irt those cases where effluent is conecte^^i|§j^^ discharge to surface 
waters,^ discharge requirements must be met. Systems with overland flow 
may reqbire pbstdisinfection. Disinfection may be accomplished using 
hypochlor/riators or, in some cases, . an erosion feeder type of 
chlorinator: may bemused. The latter units have not been widely accepted 
but may of fi^risui table reliability for very small systems. 

6.3 Facilities Design 

. H' • • c ■,. ^ . V. . ^ ■ 

As inrdther .parts of this manual, no attempt wil 1 be^ made to discuss the 
detailed design of preappli,cation treatment and storage facilities. The : 
discussion is; TimitedHo the ^listribution and appl ication systems. In ' 
addition to the' comments contained in this chapter, the reader is 
directed to Section 5.8 for detailed design guidance. Distribution and - 
application systems will be discussed for each land treatment process in 
the following section.- ' • , , : 

» ■ ' ■ ■ 

6.3.1. Slow Rate System ^ \ 

A S'Chematic. diagram showing *the typical elements of.a slow rate system 
is presented in Figure 6-3. ' !" : ; * 

..'*"'*'* ' ■ 

6.3.1 vl. Surface Appl ication Systems - . " • 

Surface application systems , require -site- specific design^,^, 
sprinkler system design should be based onv '.consul tation/wltl^^^^^ 
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' FIGURE e-3 . 
SCHEMATIC FOR TYPICAL SLOW RATE SYSTEM 
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equipment -manu^turers. The gerreral factors involved in the final 
layout and design of a surface application system are presented in Table 
.6-11. Most- of .the common surface irrigation systems -are included in 
this table. 




■■ . ■ ■'•■•^ TABLE, 6;;^Vt:'' , ■ . . 

* ■'.V FACTORS AteTlMG THE DESIGN OF SURFACE^ J 

iRRIWlbN SYSTEMS' 17] '-' '"'I/' 



Maximum slope, X 



^ST ~7 ' Water application:- 

Humid areas ^,A*/id areas " rate of intake 

family, in./h* . ' 



Adaptable to 



Honsod/;S^(& .'^ Nopsod i;od ^ .v (row or 

. crops ■ cropS. ;cf ops .crops Minimum Maximum ' Shape*<of. f jeld bedded) 



Row crops Sown, drilled. Orchards*' 
(row or or sodded . and . 



crops 



Level 
Level border 
Contour levee 
Level furrow 

■ .■ 

Graded 

, Graded border 
Contour drtch 
Graded., furrow 

Corrugation 
Contour furrow 



vineyards*v 



Nearly Jevfll^ 

■Neariy^'.'.ie'ye-J' 



Nearly level 
Nearly level 



2.0. 
4,0 



0.5' 

0.5 

NA NA 

Cross slope 
3.0. 3:o 



2.0 
4.0 

\ 3.0 

4.0' 



4.0 

15.0 
.NA 



Cross slope 
6.0 6.0 



0,1 
•0.1 

o;i 



0.3 
'0.1 
0.1. 

0.1 
0.1 



2.0 
0,5 
2.0 



2.0 
3.0 
3.0 

1.5 

2.'0 



Any shape 

Any shape , 

Rows should be 
of equal length 

■ Rectangular 
Any shape 

R^ows should be 

of" equal length 
' Rectangular 

Rows should be 
of ^qual length 



Yes 
Yei 
Yes 



tio '■" 
No 
Yes •. 

No . 



,Yes .. 
Yes ^ 
Yesf 



Yes 
- Yes 
Yes 

Yes ■ 
No. 



:YesV 
Yes 
Yes 



. Yes 
Yes 
Yes 

• Yes 
Yes 



NA • n^t' applicable 
a 



1 in./h • '2.54 cm/h 
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The most desirable design is one in which the furrows or border checks 
are so flat ./that failure to rotate the flow to 'the next field in the 
system would pot result in wastewater, escaping the, property. If);other 
' words,- the field would be flat enough, to permit 'an enc^loi^Tig or 
containment levee around the field. Alternative; choices are tij^ivater 
control systems or a gravity return to the lagoon at the lower' end of 
the site. If this. is not-possible, closer supervision of the operation 
necessary to mihjmize Jh.e ,n'sk of nui^ condition? occurring.* 

■ ^ V 

>ad or gravity d.esign pipe materials should be 
the' wastewater to the field. Gated aluminum 
if distributing the water; uniformly tfa border 
mcrete li/ied ditches with turnouts iiave. been 
systems. 



wilt be 



Any of thre ■ common low 
suitable for transp^rti 
pipe is an effective means^ 
checks or furrows. Open 
used effectively with smal 




6rl6 



\ 




^ if-,. , 
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••• ■ • ■ ■• ■ ■■ - ^ ■ ^ 

If ^.;r4;spri\nki the designer should 

workv^^^^^ with one or more sprinkler manufacturer * s vendors who will 
. aid i;, the ' designer in ;the/ use -.pf their respective . equipment. The 
avail a.bility of a knowledgeable: local representative may weigh heavily 
in the final selection of , equipment. ^• 

A list of most of the common types; of -sprinkler sysrtems, guidelines for ' 
their-;-;,ap|)li cation, a'nd limitatjaris ts presented in Table^ 6-12. ' 
Addttiohaily, some' states haV6*V'-published regulations regarding 
.preappVlf ation di a.infecti on/ minimum baffeiV. a^^^^^^ control of. public 

access 'for..;si)M^^ systems. TtieSk'^^^^^ shoul d be revi^w^d, for 

_/appl icabititiy;. -V?; " ■ ■ '•■'^•i^ ■ ■ v *''-^ 

Di s tri buti on sysieins , may : '^Co'J^t st of any of thfr"' f prnmbn^^ PT pe 

materials, such a^ ^plist'ic/ aluminum, a sbestos- cement/ lined 

steel , or ductile irdri^f . -l - 1^ ^ ' ; / 

'\Jhe final design analysis should consider the following "ipatnts^^^ 
^1. |;rovision of-adequate thY^ust blocks ^ - ^ 

^..^.2;.:^^^^^^^^ of water hammer and surge conditions " • , v, . 

vv^ ^'^^ Winter op * >i 

4. Provisions ;of sufficient, j^/al^ and manifolding to permit;' ^ 
'^^ * proper agricultural managi^e the field 

5. ^ Automatic timers to limit the Japplicatf on In any one area 

6. Alarms to signal system faiSures • , 
77~ Protection; against plugging by algae o;: 

6. 3:2 Rapid Infiltration Syste^^^ 

• '* ' • > . > ■ • ■ • ■".■•'.,*• 

. V .. * • ^> 

. Small: 'sc'al-e rapid infiltration* systems typic.aVl-y apply an annual 
application. of 17 to 173 ft (5 to 53 m) of wastewater at rates of .4.0 to 
40.0 in./wk (lO.to 100 cm/wk.) . T,he\appl i cation: ratfe^^ ddterminecl f;|om 
soil permeability . dataV It is pref^raW .to dig- &t 'least one t6St pit 
(see . Appendix F) and cOTduct ^hree infiltration tests, (see Appendix-'Cj . . ■ 
Multiple . infiltration basins .aii-e ! r^qui red to permit i nterini tteiit). • 
applleation; . A ' desirable "'•basin » c[es1ign ■ should provide sufficient 
flexibility to perfnit a 1 to, 4 day. aj3pHGa.tion period fbil owed by a 7 to , 
14 day drying period. J • . -'• „ •' ■ , 



:•■ •'■ . - TABLE-: 6^1? r: /: '-/r, i' • ' 

; WORS AFFEClLNti TH| CtESIGN OF SPglNKLER IRRIGAT-ION; SYSTEMS 



• .System 



Mar^cimun) 



Water' appl icatioo 
rate, ,tn./h 



* Mut tijsprlnkler 

Hand ftio.yed 
^ Portable set 
. * Solid set/ 

Tractor nwved 
Skjid mounted 
Wheel mounted- 



slope, % Minimum; .)laxi mum . S^hape. of field 



\y Maximum * Size of. 
Field su^fac6 . , height of . single 
conditions crop, ft syjtem, acre! 



20 
20 



. 5-10 
'5-10 



S#lf moved 
Side wheel roll 5-10 



. • , Si d^ move 

^ Self propelled 
Center, pivbt 
. . Siclei. move V: 

'Single sprinkler" 

Hand-iBioved- 

Tractor moved 
y. V . Skid: mcJunted 
:/ ' vl^^ mounted 

;. SeJf propelled 

rBb^;isprinkler, 
.oTractor^^'i^^^^ • 

Si^^pi^elled 
Permanent . 



5-15 
5-15 



^20 . 

5-15'v> 
: 5-15' X; 

. No limit 



No -iimtt 



OvlO 
0;05 

:b!;:io 

0.10 
0.10. 

0.20 : 

0.20 



0.25- 

0.25 
0.25 

0.25 



0.25 

.0.25 
0.05 



2.0' 
2;0 

2.0 ' 
.2.0. 



Rectangular 
Any. shape .. 

Rect^ular 
Rectangular 



No limit 
No aimit 



No/limit" 
'No' limit 



2; 0' .a Rectajigul^r * •Reasonably 
'?v.O ■ Recjangular 

rcilTar *• • 



: Smooth enough <for ' ' Na linj^t 
safe tractor operation No limit ' 



• ; 1-40 

^^?i0Ao 
20-40 



:T:o 

. 1.0 




;i-p 

2;0 



/Square oir 
rectangular 

9 

Any shape 

Any shape . 
Any shape 

Rectangular 

' Ahy> shapie*. 

;..Rectdnguldr^ 
; Any shape • 



Clear, of obstructions'. 



path for toweVS; 



4-6: . 

^10^ 
8-10 



20^80 
" 20-80 



40-160 
80-160 



..l*d^lTrDit ^ . • ■ 


No limit • 


20-40 


Safp operation . 
of tractorv 


. No. limit 
^No limit' : 


20r40,4 ' 

• 20-40Vi .. 


Land for wifi'ch 

and hose J. , 


r-Nip limit 


i20-4D- ; 


Safe operation V 'v 
of tractor / : 


8-JO; 


Lane for boom ajid hose 

■*• • * ' - ■ 


8-10 


. 40-.ioq- . 


""No limit , 


' No: liifiit 


.1+ ■ 


■ ' * > ■ 




.' * * ■. * *. 















1 in./h =2.54 cm/h 
1 ft^ = 0.305 m 
1 acre ^ 0.405* ha 
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A typical rapid^infUtratiori system .is'ilTustrited .in Figure 6^4. Th'e 
1 ayout is ' basetl on i rel ati vely . 1 evel, 1 and sflrf ace. SI opi hg 1 ands 
should uti'Hze gravity flow to minimi ze^' pumping cQsts. Site layout 
should l&cat6 the maximum bed dimension perpendicular to probable 
groundif»ater flow, ^te^er land would require smaller basins to minimize 
cut and fill and to javoid. cross-basin subflows according- to the 
following schedule: • for;* .0^' to n average cross-Mope— 1 basia; -Zt-^Z 
basins; 3%— 4 basins. Slopes in excess of 3% shduid be graded tq a- 3% 
average before final basin construction. . 

^ . ."'r' ' , 

h ■■ FIGURE 6-4 . 
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INFILTRATION 
BASINS 



Surface design detalTs- related to infiltration basins are similar to 
those for sludge^ drying beds with care bei'ng taken to minimize severe 
eVosidn at the point of application. Provision for access to the basfri 
should be included to permit entryfof a tractor with a disk, harrow, .or, 
other scarifying equipmejit. The need for underdrains . should- be 
determined based on Appendix C dfTd details for design are presented in 
Chapter s {Sectio.ns-5.5.2 and 5.8). . ^ ' 



6,3.3 Overland FloW Syistem 

Although Jthe preferred mejhbd of apply.ing waii»water tq,th& field is by 
surface, method, ■^Oi'efn^ industr*iar install atiofis nojv exist. witb, sprinkler 
systems. The typical overland flow system,* with alternative applicatiprj 
systems i-s illustrated' in Figure .6-5 j To provide the. maximum treatment 
efficiency, : wastewater must be 'applted at^ least once day, and in 
sufficient, quantity to' wet the anti re. terrace*' area. ^ * . 
. ■ . ■ ' ■ • • ...... ■ .■ • C 

'• ■ • • 

A suggested method of supporting distribution piping is shd^Wrf in F^igiire 
6-6.. In this cdse, the stone"^ serves as a -support, but it also serves as 
a means. to convert ap point discharge Into, sheet flow, minimizing erosion 
and maximizing treatment eff1ciency» ' 

Where sprinklers are u?ed, they shou1d;be placed *downsl ope from the 
highest , paint, on . the terrace/'i di stance 'equaV to the radius of the 
sfirinkler, unless one-half r.qircle sprinklers are used. 

. . .■ ^\ 

■ . 

Probably the most important feature of, the overland flow system is the 
sloped terrace, ;Th<Ts slope mii^t be as nearly equal to a plane surface 
as possible and sloped in such a way as to prevent short-circuiting of 
the wastewaten; and standing water in the collection ditches. No swales, 
depressions, 6t gullies-can be permitted; /otherwise,^ water will pond ami 
permit propagation of,^;mosquitos or the production of odors. 

The second fa&tor is^ the cover^ crop. Grasses must be selected for their 
resistance to continuously wet root conditions. Also, their growth 
should not be in clumps as thjs will r^esult in the: formation of rivulets 
of. flow rather than a uhfform' sjket flow. , Common grasses for this 
purpose have been Reed canary grass, Italian rye, ^•ed top, tall fescue, 
and Bermudavgrass. . " ' . v , 

The distribution system should be designed to permit application on each 
portion ^ of . .the field for from 6 to 12 h/d. This application period is . 
based on convenience rather than for treaitment reasons.. The system must 
• be valved and manifolded to perrifit. apportion of the field to be taken 
out of servjcje for grass .rrftwing and/or .harvesting. DUring. that period^ 
the remainder of the field must take the totals flow or else it must be. 
diverted to temporary storage. ^ Following prolonged /shutdgwn, the 
wastewater collected in the drainage ditches may have to be recirculatefiT 
through the treatment system until dischargenrequirements are again 
being^ met. This ^ould only - ba requii^ed where stringent discharge 
requirements are imposed. v ' ' ■ m' ' 



Site, access requires special equipment with broad tires having low 
pressure . (less, than 10 lb/in. 2 or 7 N/cm2) to avoid. creating rut5 



%■ 



■ ■ • FIGURE 6-5 ' 
SCHEMATIC FOR TYPICAL. OVERLAND FLOW SYSTEM 
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that would short-circuit the flow and the treatment process. Vegetation 
harvest and removal is iiot alwseys necessary, since the vegetation can be 
cut with a chopping mower just prior to maturity (every A to 6 weeks) 
and al lowed to decompose on the terrace [8]. Applications .should be re- 
duced for 3 or 4 days after winter shutdowns. 



FIGURE 6-6> 
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6.4 Small System Design Example* 



6.4.1 Setting 



The community 6.f' Angus^ Washington, ha^s decided to construct a land 
^treatment system to meet its wa^tewater^-'discharge/ specifications. The 
following informat^'Oh is known: / ' ^. - !' 

. Present (l§,^) population -*^34 // 

' Prpjected 1997 population ^ |.400 • < . , . 

Annua rrainf«d.^.l/^- 48 in. (120*cm), evenly 'distributed througbout the > ear. . • 



Warm seasons/evaporation - 24/iPn. (60-cm), May 1 to October 1 
Seasonal floW. variations - ^ 

;Ma>{imum mpft-th (August) - 1.5 of average 

'Minimum Inb'rsj^.'i January) -.0.8 of average 



*Note: This is an example;./it: is intended for illustration only. 



There is an elementary school of about 200 pupils and 15 staff. The- 
hi^gh school is located in Hereford, about 10 miles (16 km) to the south. 
There are some small commercial establishments such as service stations 
and restaurants but the -town's only industry, sawmill, treats and 
recycles its own wastewater. As the town is presently sewered by. 
injjividual systems,., mostly septic tanks, a new collection system will be 
constructed. Water service is unnietered and estimated consumption is 
IQU; gal/capita d (378 L/capita-d). . - 
• ' :■' a>-'-. .. ' • . ■ . ■ 

; 6*4.2 Wastewater Quality and Quantity 

■ . .• !• . " . • . ■ , • ■ • «..'•; 

■ . - . 'M. • 

Assume:' 1. - Design fQi>1997 population — ' . 

. ' . 2. Projectedpupil and staff population will be '325 

3. Due to unmete.red water system, waste ts relatively high: 
V and the wastewater will be of" medium strength through the 
\ planning period (BOD = 200 mg/L). 

■ . V,. . ' . " ' ■ f 

Wastewater quality .can ^ be found :in Table 6-2, second' column. The 
flowrate for average design conditions, using an estimated daily 
wastewater flow of 75 gal/capita (284 yqipita), is calculated to be: 

325 (10) gal/capita-d + 3 400 '(75) gal /capita- d * 
■ = 258 250 say 260 000 gal /d . 

6.4.3 Locate Available Sites ' - 



By interpolation of the values in Table ,6v5 ,fO|jRiai' flowrate of 260 000 
gal /d the following preliminary site areas^v^je*^. dete^inined: 

• Slow rate, 26 to 52 acres (10.5 to il ha) ■ . 

• Rapid infiltration, 3 to 13 acres (1.2 to 5.3 ha) 

■f - ■ . , ■ ' 'k^ ' ■ . 

• Overland flow, 9 to 27 acres (3.6 to 10.9 ha) 

" • , ' . ■ ' ' ■ ■ ' - » • ■■ ' ■ 

As there is sufficient open space and farmland in the immediate. area, it 
was decided to limit the search for available sites to a radius of 1 
mile (T.6 km) from the lowest pojmt in the collection system to. minimize 
transmission costs. , A p 

6.4.4 Site Characterization* ' j ' 

After^the search, four potential tracts were 'located, all about'0.5 mile' 
(0.8 km) ;from the designated point.y The characteristics of the sites 
are summarized in Table 6t13. 



■ TABLE 6-13 ^ 
POTENTIAL LANE) TREATMENT SITES FOR ANGUS, WASHINGTON 



Site 
No. 


No. Of. 
owners 


Current use^ 


Size, 
acresb 


Minimum depth to 
groundwater, ftc 


Range of soil 
permeabilities, 
in./hd 


* !s\ope, 
averjage- 
ma)jimum, %° 


' ^Remarks" 


A 


5 


Agriculture 


200 ' 


15 

* 


0.6-20 


2-10 


T5 at res ^t 
5-l0Mn./h ♦ 


B 


' 1 


Undeveloped 
land 


95 


10 


0.2-2.0 


Flat 


Potential * " 
greenbelt 


C 


1 


Nonirrigated 
pasture 


300 


20 


0.06-0.5 

* 


5-15 


Low permeability 
results i/i local 
wet spots' * 


D 


2 


Low density 
housing \ 


30 


10 


0.2-0.6 


4-S 


One house zoned 
residentia-1 



Sources: a.. Local planning agency and site visit, 

b. County assessor. , 

. c. Well logsi 

d. SCS jeport. -^'^ l 

^ .,-1 -acre - 0.405 ha' ^' " 

V.-*"!^ in; -7: '2 .'54 cm 



On the basis, of acreage requirements, all sites except Site, D would have . 
sutficient acreage for all systems. Site D would.rbe^^^^^^^^ 

system and would require additional soil te$ti/i^ if^ it is faun^^ 



rate, 

be the most des i rab 1 e -Tocati ort . 



Sites. A,' B, and appear to have area in excess of the anticipated 
needs. The treatment site and facilities could be located in the. most 
desirable location wit+iin the site /and not all^of the land ;wou33..have' fa 
be purchased^w \ \ \. ' • / ' , 

^ ' ■ ■ ■ - .■ ■ . ■..,>■■..,> 

^ / * 6.4.5 Select Land Treatment Process ' - '.v , 'V 



Discharge would have to be either tcj the groundwatervor to near|)y lihite 
River, downstream of the water s:upply intake line. The groundwater .is 
being used for some small irrigation wel'ls near the :si;tei;aod' some 
individual domestic wells 1 to 2 miles (1.6 to 3.2 km)'awaoi^> Jt is 
anticipated that Angus may" some day -use groundwater as 'well as •the 
surface, supply to meet future water demands. Therefore, discharges to 
the groundwater would have to meet existing requirements. * * ^ - 

For di^sGharge to White River, the Department of Ecology, State cff 
Washington, has stipulated the following effluent qualiity 1 invj tationsrv; 



BOD - 
SS - 
Total 
Total 
Fecal 



10 mg/L 
10 mg/L 
N - 15 mg/L 
R - 5 mg/L 
col i form^ - 



200/100- mL 



Maximum residual vchl orlne - 0.5 mg/L 



Using Table 6-6,. a slow rate or rapid infiltration system is applicable^ 
to Site A. $ites B arid C could have either a slow rate or overland flow 
system, while a slow rate system 'appears to be the only choice for 
'Site D. As all systems are capab.le of meeting Vo/ exceeding the dis- 
charge requirements, system selection (except for rapid infiltration) 
will be based on^the soil permeability ranges. " 

For rapid infiltration, rates on Site A, limited field tests are needed. 
Using the gui<lelines in Appendix F one test pit was dug down to 10 ft 
m) to verify lack of restrictive layers in the soil profile. Using the 
procedures from Appendix C (Section C. 3. 1.4. 3) three double ring 
infiltrometer tests were conducted. The resulting infiltration minimum 
rate was determined to be 5.0 in./hr (12.7 cm/h). Using Figure 3-3, the 
wastewater application rate is determined to be 42.0 in. /Wk (1.1 m/wk) 
which is 5% of the clear water rate (the range in. figure 3-3 is 3 to' 
•10%). • However, an upper limit of: 40.0 in./wk (1.0 m/wk) is recommended 
/or .small rapid infiltration system design. Based on 52 wk/yr operation 
.the annual rate is 173 ft/yr (52(7 m/yr). <. 

'To co#||e the ^ area required to ti^eat -the wastewater. Equation 6li 'fe 
-^^^^^•i fHli •seeping with the conservit"ivj^v:;approaGh to small systemiVdesigVi'i# 
:;tt>e;..- lower, permeability values are ^-^^^^^^^^ obtain the ^^quivaTent 

:a.pB^cat,iort.;r from Table 6-% ; Als^^he average annual rainfall, 

i^'^fRing ^rr^du^^^^ for evapotra"n'spi ration^ assuming a colder month) , 
rsr^dded to' -the rate of application R. ' As an example, a calculation to - 
vderlA^e t^e -^jj^fea^; i^^^ slow /^ite system at Site A is shown: 

R-?^^^^^^^^^^^^^^^ plus, (precipitation-evapotranspi ration) 



The acrea^s calcuJ^ilt^' foir '^^^ treatment process are shown in 

Table 6-14. .\ ■v;.>:^.■.^-> 



..... ....... MWt, 

■ REQUIRf DvAdRE/te TREATMENT SYSTEM S 

* c^V*- \ ■ ■ " " ' ^^'V.'^ ' V '. SojV Application Treatment site 

Site'" , ' ..V : /rperm^abillti^tfln^/^^^^^^^ ratfe, in./wk requirement, acres 

.■ • V ' "'.r^:.;^ '■: ■■' — ' — ^ — 



^ 



'-■^ OverJar^id*'fTow • '^'.^■£i-:2y'-y;'^-:'''r -: 8 ( 



0 1.7 

0 ' 38 

0 * 10 



'A^ 'C .Slow^e;''V- ' ' - .V^y.].^ ' 51 

Overland; /Iqw; v P:«Q6 ; • ,: v^T' 4,0 • 19 

■'^ D S]o^ raUX ■'\^.^''J-:<-Qi.Z''^ 1.5 '51 



In comparing the required acreages, with Table 6-13, Sjte D is eliminated 
on the basis of insufficient area. . / ^ . • ^ 

- /; 6.4.6 Preapplication Trea^ei'it, Storage, and Application Methods 

Preapplication treatment practices for various systems are indicated 
Tabl€ 6-9. Unless surface of the slow' 

rate systems, biological tree^nt w4th a minimum of 7 days detention 
time is normally practiced. Thi^s would most- likely be an aerated lagoon 
desrgned. to reduce BOD' to 60 mg/L or less. 

• ■ ' ■ ^ ■« • ■ 

From Figure 6r2,. a storage of 46-11ays of flow Is advised/''' The/required 
storage volume is as follows: 

260>.000^gal/d x 4(r'days = 10.4 Mgal = 32. acrieTfl; (39 500 m3r r 

. ■■ ■ ■ r . ■ ' . '■ , '. • • ■'• ^ • ■ /v '-*'. ' / . ' . • ■ '■'•^ 

Storage pond size, assuming 10 ft. working depth (3. f t 'f reeboard) / 
= 3.2 aqres + 25% for levees, rodd = 4. acres -(1.6 ha) 

iThis.will be required for eiCther the slow rate or overland flow systems/ 
■^Xfie -^^^^ infiltration system should not require any storage capacity 

liecause of the moderate cl imate and permeai)le soil s. The methods, of; 
'application for surface irrigatigrr systems are. summarized in Tablef&^^^^^^t^^^ 

for various .land fphditions. By\Qomparing Jthe appl icati on rates' fr^^^ 

the third column of Tables 6-14 and' the-; to maximum sVORes.frpm 

Table 6-13 to the yaliies given in Table. 6Ti4^^ 

application methods are chosen: 

" v ■ i"'- ,^ ; o -V/:- J ; . ■ • 

^ Site A - Graded bordier with any crop (minimum slope) . / 
; V .Graded contbur/levee with sod crops; (for maximum slope;Sj ! 
Site B^- Level border checks with any crop 
Site C - Gractfid contour levee with sod crops 

" ',; ^ . .''•";'''■.* . . ■ ■ 

As -the land preparation costs for Sites A^^ajid C'wquld rai^e the 
^development cost beyond that required for Sitep/^the use of sprinkler 
. appl icatton shpifld be .investigated. Using the prpceduje outl ined/above, 
the remaining sites are screened using the values given in Table 6-12 
for sprinkler systems. The preferred methods from this process are: ^ 

Site A - Hand or tractor move^l solid set - - j 

Site C -' Hand moved solid set,' self propel lexl, and pemanefit set 

■ • . ■♦ , ■ . ■ » ' 

\ ' . '"■ . ■■ ■ I- ■■ 

The land at Site A, already in agricultural use, contains some unix^orm, 
rectangular /i elds. Site C would require grading and preparation (i^^.^ 
more xost) to enable^ the use of the more flexible, less expensive 
sprinkler systems. ^ • . \ 



The. rapid infiltratioh 'system for Site A and the overland flow system 
for Site C are still feasible alternatives according to the criteria in 
Sections 6. 3i2 . and 6.3.3. The heed to construct the 2 to 4% sloped 
ter-rjices'.j.at . Site B for .effective overland flow would ^avor the less 
. expensi ve, gi;^^^ 

A number of other. ;^'pns1derations should be ^included iri the cost- 
.e.J?fdctfveness analysis for small systems ' that are discussed in other 
sections of this manual. Recovery of renovated water -from beneath rapid 
infiltration basins or slow rate sites to. either provide relief drainage 

• fr'om perched groundwater or -to recover water for sale is. di sc'ussed in 
Section 5.5. F,o>;v^g?tarti oa ^ s revenue generation by 

.^;'?^h:S9^"'ent of a 'c^slr crop. Section 5.6-'$hould be reviewed. The, systems • 

v^hEaJiK remaip: to v'bp .' analyzed'' for coS't,: effectiveness are summarized in ■ 

vTable'6-15;.. . ' 



• /'^ \ . ,^TABl:E 6-15'. ' • ■} '■ 

LAND TR^ATMENTi^ALTERNATIVES FOR ANGUS , -WASHrffiON 



Site 


v-}.and;,treatment 
■v'^ i '..system . 


■ Major feature ■ 

- — ^ ■■ ■ — — — 


A. 


■ Slow rate . 


T!*actor moved solid set sprinklers 




Rapid infiltration 


Prepare' the 15 acre-sitd" 


• B 


Slow rate ' 


Level border strips ; ' 


c ^ 


. Slqw rate 


Hand moved solid set sprinklers 




Overland flow 


Grade terraces and ditches 



6.4.7 Other Considerations ) 



On the basis of nonmonetary criteria. Site. B holds a clear advantage—it 
IS already owned by the city and would provide heeded irrigation water 
for tn^jruture greenbelt. ' 



,rf rapid infiltration is shown to be more cost effective than irrigation 
at, Site, ^A, the purchase or lease of the site would be necessary. For 
.the irrigation system at Site A, purciiase woul d not !i>e necessary if a 
long-range contract could be 'negotiated with the, owner. : Since the land 
at, Site A is presently being irrigated, the renoylted water could be » 
offered at an equal cost and tiie farme'r would have the added advantage 
of the wastewater nutrients*, . 



Site G would' require the purchase or lease of a suitable' area if the 
.overland flow alternative were shown to be more cost effective. 
Sprinkler irrigation would convent nonirriig'ated pasture into more 
valuable land and sjiopld make aj^ng-term lease more attractive to the 
owner than was the case at Site^/VT^ . . ' 



If some alternatives appear to ^ be very close to.' each , other for cost 
effectiveness, the consideration of these nonmonetary items may.^be the 
basis for the final site selection. 



6.4.8 Summary of-Pesign Exa^pl e ^^^^ 



-.'-fly- 



The total* landv:i;r%?^ be .this suni'df^t^^^ needed for 

pretreatmervt/ fi5q-fTt:i^^ area to be' wet ted' buffer zones (if 

required), access 'and vservice roads, / and storage ponds. The' major 
elements of each f.aH and the total . land requiremeht . are 

summarized in Tab1e'6-16, V ' 

• ■ • • ■ . ■ ■ ■ ■ ■ ■ ■ ■ " ■ ^ 
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TABLE 6-16 



SUMMARY OF -FHASlffi lAND TR^ SYSTEMS' FOR; ANGUsV felNGTO^ 



Preapplication ' 'V ; , . 

treatment i We tte'd a ref a Buf.fer/zbners't* ^ Storage 



Land trejitinent 
Site' .^••^y.^tem 



"Area.y^Applicatiori Ar^^- ' ^ 
Level 3 acres ^ ■ ' ' • 



Area,;' Days Area, 



TQtal area 



A 


.-iv •' 

Slow rate, 
sprfrrfcler 


. S 


1 £ 

3 


2,0 


^ ; \38:.* ■ 


Yes 


B . 


40 


4 . ' 


Yes . 


Groundwater 


53 


.■ " .i 


Rapid infi.l- 
t , trati on, 


■ P • 


2 


- 40.0 


' 1.7 

.* 


No ■ 


0.^ 






. No ' 


Groundwater 




B 


Slowp^Vate, ,:' 
surface 


se 




' 2.0 


38 


No 


, 4 


" 40 * 


4 


Yes, 


, Groundwater 


. 49 \''' 




Overland flow 


P 




8.0 


; .10 ■ ■ 


. No 


1 


'40' 


4 


' No^ ' 


White River ^ 




C 


Slow rate. 
























sprinkler 


S 


3 


1.5 


. 51 


^ Yes 


10 


40 




Yes 


' Groundwatier 


.68 




Oylerland flow 


P * 


2 \ „ 


4.0 


19 


No 


2 * 


40 , 


4 


*No^ 


White River 


27 



Includes extra freeboard ^or storage within basins. • 

Because of public contactf Under^ontrolled conditions^ primary treatment without disinfect^ion would be sufficient, 
f. Unless discharge coliforrt standard cannot: be mejt 

1 acre = 0.485 ha / V ' ' . 

1 in./wk = 2.54.cm/wk * \ . .; 



a. S = Sec(|ndary; P = primary^: , 

b. May-be required in some states. Average requirement based on 20% of ' wetted area and includes 10% for service roads. 

c. If the dischargers to a gr^oundwat^r, the ni'trogen balance of the system should be checked uslng methods outlined in 
Chapter 5. Nitrate (NO3) measured as nitrogen, should not exceed 10 mg/L in this case. -'^ " 

^d. 
.e. 



OA 



ERIC 



CASE STUDIES 



7.1 Introduction 



El^eyen case studies are . presented In this chapter; to Illustrate the / 
van 6ty of, exi sti ng 1 and treatment- systems. . Six of the. case, studies are 
slow_ rate systems; three -are rapict.iTifll tration systems; ^Yid two are^" 
overland flow systems. Locations of the case stiidies'arid^ sd.nie'system ' 
ciiaracteri sties are presented for: compara.tive purposes 'in Table 7-1 . 



■ ■ TABLE . 7-1; . , ' 
SUMMARY OF CASE. STUDIES , . 



-b— 



Location 



Avg Avg annual' . Degre,e\of >^ * ' ■ ■ . ■ . ' ■• - ' . 

flow, application preaDDlicatioh ■ l ' ' . i 



^5 1 (jw ro t(.' ' 

Pleasanton. California 

Walla- Wa.lla, Washingfbn 



1.4 



8.5 ■ Secondary (plus ' ' ' Sprinkler" (portable' pipe) " 20 
. . aerated holding ponds) -. < / • . . 



. Industrial . , 


'2.l' 


.1.7 


Municipal 


"6.8 




Bakersfield. California 
. (existing system) 


14.7 . 




San Angelo, Texas 


5.8 


V 10.3 


Muskegon." Michigan 


28.5 


.'6.0 


St, Charles, Maryland 


0.6 


/lO 


Rapid infiltration 






Phoenix, Arizona 


13 


364 


Lake George, New York 


0.7 


140 


Fort O^vens, 
Massachusetts 


1.3 


. 94 i 


Overland flow .'. 






'..Pauls Valley, Oklaftoma. 


■ 0.2 ■ 


19-45 


, Paris, Texas 
(industrial) , . 


.4.2' . 


-5.2; 



Aeration 
Secondary ' . 

Primary ' , 

■ Primary 
Aerated lagoons 
Aerated lagoons 

Secondary 
■Secondary 

Primary ' 



Raw (screened) , 
and oxidation lagoon 

Raw (degreased and 
screened) , 



■ Sp r inkier '( bu r 1 ed- p i pe ) ■'. ..' .. ■ '5 : 

Sprinkler an<[ su.rf^e" ; y } . '78 
(ridge and furrow) V • .! ';. 

Surf ace \ bo rde r s tr i p and '' ■ .38., 
rid ge' -an d fur row ) . . . . " >. • 

.Surface (border strip) ■ ; . ' 18 

Sprinkler (center pivot) \ | v v^' 

Sprinkler (surface pipe) / ■ i^ 



.Surface {basin flooding)' - 3 

Surface, (basin flooding) . 3a 

Surface (basin flooding). 35 



Surface (bubbling orifice) 2 
and sprinkler (fixed and 

rotating noziles) ^' 

Sprinkler (buried pipe) 13 



1 MgaV/d = 43;8 L/s ' 
,Vft/yr = 0.305 m/yr 



In addition to- the • niix*'' of design fl-bws and climates represented^ the 
ages of thie systems vary from several decades (Wal la , Wa] 1 a', Washi ng$on; 
BakersfteVd,. ealifornja; and .'Lake George, New York) to relatively new ; 
.{Muskegon, Michigan; Pauls Valley j OklahoHia;-* and Phoenix, Arizona)., the 
last two systems are. principally demonstration projects with process 
optimization the . major objective, Nearly al 1 the cases have attracted 
some research inteip^ts and the ongbing^^ese&rch is discussed separately 
from the normal-^^ration, ' . . v' : • > ' » ^ ^ 

■ , • • • • . ■ ■ '.. ■ ' ■ . . • 

Capital . and operating costs - are included?^' when ; reliable .''"data are 
avail able. - Costs for research projects. are not comparable to design and 
construction' costs for normal niunicipal systems. ' ' ' . 

.7.2' Pleasanton, Califprnia ■ ' - ' - ^ 

- ■ ■ ■ ■ '\ ' . ■' /.> ■ ■ ■ ■ .;: • : m---"' 

.^y i.2A History . ' . v ■ . / v . : 



PI easanton ^ Cal i f orrti a , wi th a pqpu^.ati on of approximately: 35 CJOO'^; is 
located' 40 miles east of San Francisco.\ Wastewater irrngati.on has been 
practiced here since 1911, when^the populattoKwas 2 QQO and^^^o 8 
acres (3.2 ha) of land was ; uttl ized . [1]. .^he; agrieuTtural land^ 
apparently has^ been: in cohtihuo'us use, .al th6ugh;)i^^^^ records are ^ 

atrsent, . The present" system- has been -in; operation Since 1957^ ''and 
consists of the spri.nkler irrigation of 1 .4 Mg|1/d: ly of . secondary- 
effluent .on pastureland for theygrazing of be^ cattle (see Table 7-2) 
[2], ,.Only\ 17 .000 of\ the total population .4s served by the Tar>d> 
trea:tment sysltem,, /The remaining popiil ati oh is s^irved by .a .s 
tfeatrnent. ptaht. - the'" city is; experienci^ if^p^id.vgi^pw as a fe?;ul t^ 
pifans; ^ar^; underw^ty to^ provide a ized sewer syst which:,;Gatl:^- 
fo>^|ibin^ of . the irrigation syste^m ia 5* years. ;It. should be .hcxjed 

tlia€;a6iandanment"^ 5 yeairs Wasr al so finrr^di'Cted i n 1 972 [3] • . , ; i?^-^ * 

' ' -iw^ ■ ■/'.^'k.- ' ■ )■.■■■■■ '■- ■ .- , ■ 

. ■■^'iZ.Z- Project :Descripti on,, arid Purpose ;. • • • : - 



Thefe a^^ ; two ... primary objectives^ to j)^^ met in t1\r^^ W 
System:* -;H© ):to' provide properr'^managariCT of .wast^w^ti^v^^ 
produce : ai '^'hi gh cfual i ty. forag^t tt^op*^ -^^^ on. the . 

wastewa terr^r^i gatdd f rel ds • J\\^^itm^\i^ 

meeting both :(i)f these objectjvesv- -r;.^ > / 

"The pastureTand receiving ."^wattew^^^^^^^ ^nd, spf in1(V€rs 

apply ter oonsecuti v^ly to' af^Vj^ Sdi 1 s range #^ gravel ly Vbam 

: to ^clay loam and are jtI^^^^^ sflowly ^5|Seniieable.. There 4ls 

nojiirri gated, hi Vl of ,19; dcres (7:|'h a^jacetii;^vto the field area where.. 
:cattl e . ; cad' be quartered . w(ien 'the fi el ds becomev somewhat soggy dur,i ng 

:.fnGleme'nt weather.' This i s done • to pr'otect'; ^the. sail /from excessive 



coinpaction by the cattle during wet.'wfeatheV and to prevent the ^caittl e 
from contracting hoof diseases as a result of the wetness. . 



TABLE 7-2 



DESIGN rACTORS, 
PLEASANTON, CALIFORNIA 



Type of system 
Avg flow, Mgal/d 
Type of wastewater 

Preapplication treatment 

Disinfection 

Storage 

Field area, acres 

Crops ' . ' 

Application technique 

Routine monitoring 

Buffer zones 

Application cycle 
Time on, h « - 

Time off, wk 

Annual application rate, ft 

Weekly application rate, "in. 

Ayg annual precipitation, in, 

Avg annual evaporation, in. 

Annual nitrogen loading, lb/acre 

Capital costs, $/acre v 

Operation and maintenance costs, ^/lOOO gal 



Slow rate . ^ - 

1,4 

Primarily domestic; some wineny, 
cheese, and metal wastes 

Secondary (plus aerated holding ponds) 

Not required - 

Not required 

1.84 ' . ' ' . 

Forage grass - ; 

Sprinkler, portable . . 

Yes ' ' , . 

No . . 

S 

12-16 V 

8,a .■ ■ " . 

2,^ . . / . . 

18 

7L • - . 

325' . ' ■ . : ■ ■ . / ■ 
845 ' ' . 

10;4 



1 Mgal/d = 43,8 L/s 
1 acre - 0.405 ha 
1 ft = 0.305 m 
1 in. = 2,54 cm 
1 lb/acre = 1,12 kg/ha 
^1 $/acre = S2.47/ha 
1 It/1000 gal = 0.264 C/m^ 



7,2,3 Desigfpf actors 



The land > treatment site is schematicany depicted in Figure 7-1. 
Two holding ponds receive unchJorinated effVuerit from the undersized 
secondary* treatment plant. The two ponds are aerated to prevent 
septicity prior to application and ^ to. provide- further v/biologi-cal 
treatment. .The two ponds total 4 acres (1.6 ha) and provide 5 Mgal 
il8 925 m3) storage capacity, which equalizes .the diurnal flow to the 
sprinkler irrigation system [1], 



FIGURE 7-l4t 



land treatment system, 
City of pleasanton 



4* 



4 acres • > 

AERATEOii 0, 




1 acra * 0. 405 ha 



Of:-) 



ERIC 



t 

7-4 



A 75 hp (56 -kW) pump, with an identical 'standby ynit located at the end 
of the holding ponds, del ivers^wastewater to the field area via a 10 in. 
(25 cm) aluminum main line. A portion of the irrigated pasturel and and 
the main line is shown in Figure 7-2. The portable lateral system 
consists" of 30 ft (9 m) sections of 3 in. (7.5 cm) aluminum pipe, each 
containing *a riser with an impact-type sprinkler head as shown in F.igufe 
7-3-. 'EeK:h nozzle delivers 10 to 11 gal/min (0.7 L/s) and has a wetting 
radius of 30 ft (9 m). [2]. ^ . 

Tailwater; and^ stormwater control is ; pi^ovided by peri phelral drainage 
ditches that discharge into 18 in. (45 cm) and 10 in. (25 cm) steel lines 
and thence to 'a runoff collection pond. This 10 acre (4 ha) pond has. a" 
26 Mgal (98'400 m3) storage capacity and is prcfvided with an overflow.to 
an emergency stonage evaporation area. The 40 acre (16 ha) emergency 
storage- area is designed to handle the increased flows from a 50 year 
storm. Nomisil runoff water, o'ccurring from about November to -March V is 
recycled within the system by a. 100 hp (75 kW) pump. 

7.2.4 Operating Characteristics and Performance 



The irrigation system is operated 7 days a week, year-round.' A normal 
pumping scnedule of 12 to 16 hours per day maintains the holding ponds at' 
a fairly constant elevation. Pumping* is. by manual control with an 
automatic shutoff if^the^ponds drop ;to a certain level. . ' 

The irrigated pastureland supports- a herd of 600' beef cattje. The cattle 
are rotated to fe.nced.plots ahead of iYrigati'on. The laterals containing 
• the sprinklers fire moved ao^ f t (18.3 m) each day, which results in an 
application cyclt of 5 weeks. - The cattle are provided' wi th a separ^ate 
supply of . drinking water at one 'end of the pasture.- The'tattle have 
experienced no ill effects from consumption of the grass; the marketing 
and sale of the* beef " occurs in a nornilil manner. 

me pasture grass* seed consisted of 44% tall fescue, 32% Italian ry^ 
grass,'20% orghard gr^ss., andi4% mixed grasses [2]. Sudan grass is grown 
on 1^ - emergency stO|flige fie.ld and is used' as'.supplementaT feed. The 
graslses . tare cut, twice a, year wi th a rotary mower, in order to induce 
better growth and to xontror weeds, such as star tf>tstle. Fertil izers ;and 
pesticides hav€f*not teen uped. * 

Tal ueS -for '\Jliripu? wasftwatefr consti tuenj;s found i n the i rrigati on 'water 
prior to applicftfon are 'presefnted in .Tables 7-3 and 7-4. Although 
'.influeht ;«'total suspended solids, to irrigation system' are 

approximately -2-5 - ^g/L, no * nozzle-pl^ugging- problems have iDeen 
experienced;, tlie nozzle di.ameter^is 0.44 in.* (1 .1 cm). 

r ■ ■ ■.- * . ■• ■ 

. • <J O .-j ■ ■ , 



FIGURE 7-2 

IRRIGATED PASTURELAND, RLEASANTOtf, CALIFORNIA 



FIGURE. 7-3 " 
PORTABLE SPRINKLER SYSTEM, PLEASANTONv CALIFORNIA 



TABLE 7*3 



CHARACTERISTICS Of HOLDING POND EFFLUENT AND 
GROUNDWATER QUALITY, PLEASANTON,. CALIFORNIA . 



Constituent 



Concentration, mg/L^ 



Holding pond 
effluentb 



Grbgndwater quality^ 
G-7 • • G-9 



BOD 

COD (low level) 
Total suspended soVids (TSS). 
Total dissolved solids (TDS) 
Total orgcinic carbon (TOC) 

Nitfogen 
•Organic • 

Ammonium {NH4-N) 
'i'^Nitrate {NO3-N) 

Nitrite {NO2-N) 
Total phosphorus ^ 

ph' ] ^ 

Temperature, °C 

Boron (B) 
Chloride (CI) 
Fluor.ide (F) 

Sodium {Na+) . > , 

Calcium {Ca++) 

Magnesium {Mg"^"^) 

Potassium {K+) 

Bicarbonate (HCO3) 

Carbonate (COa)^ 

Hardness (Ca, Mg) 

Non-carbonate hardness 

Alkalinity as CaC03 

Specific conductance, pmhos/cm 

Sulfate {SO4) 

Silica {Si02) 

Iron (Fe) 

Sodium adsorption ratio (SAR) 
Sodium, % , 

Depth of groundwater (below land surface, ft 



972 



3*. 3 



600 
0 

736 
640 
53 
16 
0 
2 
35 
7.5 



22 












30 


'5 




25 








f 


702 




980 


708 




39^ 


f ■ 


4.3 


8, 


.2 ■ 


3, 


.0 








24, 


.6 








<0. 


,02 


0.13 


4, 


.9 


0, 


.01 ' 


■ 0.02 ' 


0, 


.01 


4, 


.8 • 


9.02 


0, 


.02 


; 8. 


,4 ^ , 


6.8 


6, 


.9 






17.4 , 


16, 


.8 


0, 


.73 


0.0008 . 


0, 


.0007 


97 




125 


111 




0, 


.17 


0.7 ' 


.0, 


.T 


130 




150 


no 




78 




92 


■ 93 




23 




90 


•65 








0.8- 


3, 


.0 ■ 


520 




.897 ^ . 


.491 




3, 


.6 









0006 
7 



460 

56 
403 
190 
120 

23 

0.00001 
2.2 
34 

37.3 



a. Unless, indicated otherwise.' 

b. Data for S^pter^er 1975 [4]. 



c. Data for Nottember 3975 to 'August' 1976 [5]. See Figure 7-1 for location of 
wells G^i7 and G^9V.' '-r \^ , 




1 .ft = 0:305 m*. 



Irfaustrial inputs to the system include small flows from a highly acidic 
but seasonal waste from a winery, a pretreated cheese ^ factory effluent, 
a "ipretreated metal waste, and a seasonal loading from ttie Alameda -County 
Fair. There Is n0 odor in the areas irrigated^ with wastewater and no 
odor from, the holding ponds. Odors^ have been a problem at the treatment 
pVant in the past, and as at; result the trick! ing filter and settling 
tanks have been covered. ' • " ' 
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» . TABLE 7-4 



TRACE WASTEWATER CONSTITUENTS OF HOLDING POND EFFLUENT, 
• PIEASANTON, CALIFORNIA, SEPTEMBER 1975 [4] 





■ , ■ ' • ■ ; . ^ ■ ' , 
Corwtltuent'" 


^ « Holding pond ■ 
effluent, mg/L 






^ ■' ■ ' 

O .1 

•♦ •» 


Arsenic (As) 
Barium (B^) 
Cadmium /Cd) 
Chromium (Crjj6) 
Cyanide (Cn) . 
Lead (Pb) ' 
Mercury (H^) 
Selenium-(Se) 
• ; MBAS 


<Q.006/. • 
<0.1 

<0,005 . 
<0.005 
•i:0.05 

0.05. 

0.0003 
<0.005 

2.6 




• 


• 41. V 

\ * - 


Aldrin 
Chlordane • 
DDT • ' 
. . Dieldrin 
Endrin 

Heptachlor epoxide *• 
Lindane 

Methoxychlor ; 
Toxaphene 


<'0, 00005 ^ 
,<0., 00005 
•'<0. 00005 . 
■ <0. 00005 
^ <0. 00005 
^ ' ■ <0. 00005. 

<0.000b5 • 
<0. 000*05 
. <0. 00005 






I • 


t» 2.4-D . <0.1 • 
/ . 2.4,5.TP ' 0.001 
Carbon <;hloroform extract (CCE) 2.52 
Carbon alcohol extract (CAE) , 17.24 







7.2.5, Costs ' 



The City of Pleasanton leases most of the farmland from the City of San 
FrancisGlo which ".owns it as an underground water reserve. Grazing . 
permits .for the 184' apre\ (74 ha) . irrigated pastureland are then 
allocated to lo^al farmers by iuctiOn. Thisland is sublet at ah annual-- 
rental .tee- o^f $100 to $no/acre ($247 to $27-2/'ha) ^wfth a 2 year l^se! 
TKe .city furnishes /the irrigation system and the 1 abor to move. the. 
portable pipe. The fajmer manages the cattle and the pasture grass. 

<£!abpr: requirerJ^ts to move, the irrigation systfm involve 3 men ^t 2-1/2 
■-hours, per day, 7 days a week. Maintenance costs for repa,irs to pumps, i 
,pipes, nozzles, and fenring are about $5 000/year. Power consumption^ 
con«iists of 'about 27 000 kW-h per month for the TOO hp (75 kW) pump and' ,, 
22 000 kW'h, per.mbnth for the 75 hp (-56 kW) pump, for a total of 49 000 
kW;h per month. A breakdown of 'the approximate annuaT operating costs •]§ 
for this land treatment system is shown in TabljB 7-5. • > ' f 



■ ■ TABLE 7-5 • - ; . • 

APPROXIMATE OPERATION AND MAINTENANCE COSTS, 

■ ' .ILAND, TREATMENT system; 
' ;■ * PLEASANTON, CALIF0RKjIA.[2] 



uce 



Annual cost 



0 



Labcr^* i * ^ 




. I r ' ■■ - 
Powen V :; . • • 

•V o - 'Material ■ > . • * *; 

• ■ " \ ■ . ■■ • %j • * ' ;y 

♦ ^ ^ Administration ■ '\ 
' Other ^ 

Subtotal I ' \ . . . 

J- Revenue frori grazing rights^- 

/ ^ •■; Total / 

- ^x. Operation and maintenance 
Y costs, (t/1 000 gaie . 



$^2 000 
j// -21 000; 

vig^opo 

5:.00i}, 
■ V 5^00 
. *5 000 

: $72 5oa: 

. -(9' 300- 
$53 200. 

/■ 'J OU' ■ 



Based on '3 men x - 2-1/2 -h/xi x 7- d/vk 
X. $8/h:x 52 wk/>rV. - ■ . . . 

^sed on $113/acre..' 

c. . Base*d on 49 000 kW-h/fpohth' arid P 
ratg schedule A-.l 2'. 

d. Based on $105/acjre-yr x 184 acres 

e . • B a s &d' 6 n V / 4 .Mga 1 / d a vg f l oygf?-* .\ 

1 djzre =« 0'.' 405' ha 
I Mgal/d =:;43.8 ;L/s - ' 




The mHpfecent expansion 1n 1975::^ 
followirJ^^caplfal costs [2,]: ' '^i 




Portable aluminum |ii>e no^fe^?t|'v'- ^ $ 1 0 
Barbed wire fencifig t^i^t^n cattle' 4 500 

prinking water tank s^^»>^^ftal .for cattle ■ 2 000 




Seed d . \ 
Total 



400 



$16 900 



This represents a cost ca $845/acre (j$2, 09il Hs) not inGludirig 'c!6< 
land.'- ' . ' ' " ' 



; ' 7.2.6 

Since tbe 
\ underground 
A mandatory , 
j Francisco ' 
^Pleasantqn^ J 
monitoring 




(ifing rPrograms. 



.rvtt^atment operation is conducted over an important 
vfer^ careful ippnitoring of groundwater quality is: 
;;'California , f^egionalV W Quality Control, Board, San 
' .Region, -/ requires regular groundwater sampling at 
id ;to . meet this ' requirement ,a number- of groundwater 
Is /bav been .T.instal led. These wells serve to ensure 
statiie; reguVa^^^ providing research data to 

grqvndwatigr jnip^^^^^^^ in the adjacent area. The location 



compl iance^' 

assess oye/aT^'. gjo^ndwatgr .i 

^^^^^i'^^ Figure 7-1. Groundwater quality data^ for 

two • reipi^etr^tiw presented in Table 7-.3, covering the 

period il9mS(gfex\}^^^ August 197b. 




The Pleas 
. devel opme 
' zones^r-'i 

acc^ssv , A '% 

Research Ins^i-tji? 

the extern^. 

aerosol s 
' The res ii 
' pf th'i^ 




reatraent site is located within a mile of a city 
n 10 OpO people. There are essentially no buffer 
ite. is *tota[lly enclosed by fences to limit public 
^ fects \ sti!# is being condHcted by the Southwest 
cientists are performing measurements to determine 
osol disjjersal vand arfe analyzing irrigation water and 
presehq||*^.I^athogenic ^m and chemtcal isr 

cqncTusion^^i^fs study are not available at tKe time 




Walla, Washington 



History 



use' of wastewater as' a source for irrigation water began- in 1899 
.$he City of Walla Walla installed .its fitsl sanitar^* sewage 
coTfect'i on ' system and di scharged di recti y to Mi 11. Cr^eek without 
treatjn^ Irrigators stil 1 wi thdraw water from the creek for tH.eir 
truckll^rops. As the population increased and the system^xpanded, the 
wastelSpter became ' a larger portioTi of ^total • stream flow,; especial ly 
during? tile summer months. T ' ^ 



929, the.city constructed a 7.5 Mgal/d (328 L/s) secondary treatment 
plant to treat domestic and industrial flows. In 1953, the industrial 
(food processing) wastes of about "3 Mqal/d (131 L/s) were separated from 
the^ plant ?nd-from;1953- to 1962, industrial wastewaters were treated at 
the source' t>y ;th.fe; food processors. In 1962, industrial wastewatets 
began to receive .'treatment in an 8 Mgal/d (350 L/s) separate plant 
operated by the city. The industrial vyastew^ter was screened, pH 
adjustedto 7.0, and. directly discharged to Mifl Creek. 



In 1972, the domestic plant was upgraded to provide a higher* quality 
effluent 'and/ now has an average treatment capability of 9.12 Mgal/d 



■ ♦ •■ ■ • ■ ■ ■■ ..■ •. ■ ■ . ■ . . ■ \ 

(400 L/s) and a ni9?(imum hydraulic capacity of 13 'Mgal/d^ (569 L/s). This; 
same year/ a sprinkler system fdr application -of industrial wastewater ^ 
was completed for effluent -not required for stream flow 

augmentation^ "iStream flow^ augmentation is required to maintain^^a 
minimum flow of ,13.25 ft /s (318 L/s) in Mill Creek and 1.77 ft^?s 
(50 . L/s) in the irrigation ditches. This source of irrigation water 
becomes essential . in the. summer, when upstream users divert all of the 
normal Mill Creek flow. Design factors for the industrial wastewaters 
(city operated) -and municipal yiastewaters (privately operated) slow rate 
systems are presented in. Table 7-6. . f ^ 

> ; . . . TABLE 7-6 • . 

DESIGN FACTORS, . ^ 
i V WALLA WALLA, WASHINGTON . ^ 



„ h . . , 


Industrial^. t. 


Municipal^ 


t* Type of system 


Slow rate 


Slow. rate . ^ ^ . 


Avg flow,, Mgal/d 


2.1 


6.8 (municipal effluent to creek in winter) 


Type df wastewater ■ 'v.V, 


Food processing 


Domestic . 


Preapplication^ treatment! 


Aeration. 


Secondary * 


Disinfection 


.. No ■ 


Yes ■ ■ . ; 


Storage 


^ Not .requi red 


Not required . :. 


Field area , acres 


■ 700 ' • 


940 ^ • " '"^ ■ 


• Crops .. . 


Alfalfa 


Vegetables ^ ■ 


a : 

, Application te.chhique ■ 


Sprinkler (buried pipe) 


Sprinkler and surface (ridge and'furrow) . 


Routine moni toring 


No' . 


Yes 

■ ■■ \ . ^ 


Buffer zones 


■ ' No 


N° ■ 


Application cycle.^ wk . . 






Time on ' « ■ ■ 


- U2 . ' 


Varies yJi th crpp ' '. . s 


■ ^ Time off 


, 6-8 ■ 


Varies' with crop . • 


Annual application rate, ft ' . 


.i;7, ' : 


yajrles with crop ^ 


Weekly applitation rate, in. 


0.7 ' 


Varies with crop ' . ■ 


Avg annual pre/:ipitation', in. 


'15.5 


■is:^5^ . • ^ 


Avg annual evaporation., in. 


41 


41 ^' ■ '■ 


; Capi tal cos^, S/acre , 


2 500 • « 




Operation' an^l maintenance 




4.0 


■ • costs, e/1 OQO. gal . . 


■ 4.0 



a. City operated system. 



Irrigation districts, privately operated. . 

. / 1 Hga.l/d. "- 43.6 ' ... " ' . , . . 

1 acre = 0.405 ha 

. - l ,ft = 0.305 m ■ 0^ • 

1 lb/acre. = 1.*12 kg/ha ' " . . . - 

1 $/acre = S2.47/ha ■ . r . . . ' ■ ■ • 

1 (tAl 000 gal = 0.264 ilx^ . . . . V 



' 7.1.2 Project Description and Purpose > 

fi' . • . ' , ... ^ • • . . , ■ ' • , , ■ ' ■ 

The treatment; plants for all of; the city's industrial and domestic 
wastewaters aire located on "an approximately 40 acre (16.3 ha) site 2 
miles (3km) east of thfe city.: Additionally, the city owns 
approximately 1 000 acres (405 ha) of land 0.6 mile (1 km) north of this ■ 
area for the sprinkler irrigation of effluent from the industrial 
•treatment plant. Of the * 1 000 acres, about 700 acres (-285 ha) are 
presently being used with the remainder being held in i^eserve for future 
expa-nsion. > - 



7.3.2.1 Municipal System 



Incoming domestic wastewaters are received in an- aerated grit chamber, 
sent to the primary clarifiers, then to the three; highf rate trickling 
filters. Next is intermediate clarification followlll' by a -standard rate 
trickling filter and two final clarifiers. S^-jficient chlorine is 
injected, upstream of the fina-T clarifiers to mainjiin a 0.1 to 0.5 mg/L 
residual in the final clarifier effli^ent. The final^clarifiers double as 
chlorine contact tanks. The effluent is then discharged to a holding pond 
from which, it flows to ei„ther the irrigation districts or Mi Tl Creek. 
The city normal ly ,does not appdy domestic effluent to. its own land. ■ 



: ■ 7.3.2.2 Industrial .System., 

■ ■ ■ ' ■"■ ' ' . " ■ " ' ■ V < . ..- ■' 
During the canning season (April through HiovemBer) wastewater -from the 
area's food processors (mostly locaMy grown vegetables) is pretreated at 
the packers. All soli(js above a '#20 mesh (Q. 833 mm diameter) are 
screened from the waste stream before discharge to a separate collection 
system. The influent is then received at the plant in an aeration basin, 
aer;ated, and pumped to' the -city' s sprinkler irrigation fieldJ- 



7.3.2.3. Municipal/Industrial Interconnections' 

To maintain treatment flexibility, there are three operable intercon- 
nections between the .two normally separated treatment systems. A 
schematic flow diagram for the municipal and industrial treatment systems 
is shown in Figure 7-4. During' low industrial waste flow periods, when 
there is insufficient flow, to operate the city ' (industrial ) sprinkler 
system or when makeup water is needed to meet the irrigation commitment, 
a. line from the industrial aeration basfn connects directly to the end of 
the, municipal primary clariffer. This has caused some problems with 
excessive Ve(getable oils at certain times of the year, so this Vine will 
be rerouted ;to ahead of the aerated grit chamber, al Towing complete 
P'^^"'^'^^^!^'^®^^^'^^ °^ these oils. Another line' allows diversion of the 
raw inftfstrial wastewater directly to the standard rate trickTlrig^ filter' 



FIGURE 7-4^ 

SCHEMATIC FLOW DIAGRAM, WASTEWATER TREATMENT 
PLANT, WALLA WALLA, WASHINGTON 
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if the industrial flow is extremely low relative to municipal ■influent. 
A third line, which is riormalTy not used, allows municipal effluent in 
the. final effluent holding pond to. be pumped to the city sprinltTeR 
system. A. fourth 1 i ne , . dlverti ng raw 1 ndustri al. wastewater, to '.th^ 
aerated gri t chamber, is i n pi ace- but i noperabl e due to leakage probl ems . 

• "7.3.3 Design Factors • ■ ' ^ . V - 



Operation, of the city sprinkler system normally' occurs from May to 
November each year for/; the food processing wastewater. Demand ftfr 
irrigation water by the districts occurs from May through September so 
that a part of the industrial f\!ow!goes to the city tract with the rest 
being used for makeup to meet thfe irrigation demand. The monthly flow 
patterns far the sprinkler operation are presented in Table 7-7i o ■ 

. ■ >i-'V ■ 

• . . , ■ TABLE 7-7 ' . ' 



AVERAGE miLY FLOW OF WASTEWATER, 
* WALLA WALLA, WASHIN^ON , 
Mgal/d " ' • 



Max/ Jun ^ :Ju^■ Aug Sep Oct Avg 



Municipal wastewater^ 
Industrial wastewater. 
• total ■ 

I rr i g a t >€ n d i s trj c t (ifprnand 

Het fl ow to c ity owned 
sprinkler, irrigation fields 



7.1 r. .7.3 7.0 7.0 6.^ 6.0 6.8 ^ 



3.1 2.0 



i;2ry 3.7 ' ^.O. 

8.3P ll.O/ li^O ,10;1 ■ ;.8;4 
7.5 . 7.'5 7. 5 7.5*. 7.5 



2.9 2.8 
8.9 9'. 6 
7.5 7.5 



0.8 



5 : a.5 2^6 



a. From wastewater treatment plant operations mont'hTy'-re^ 
1 Mgal/d = 43.8 L/s N ■ '^ 



The City. s 700 acre (285 hji) irrigation site is divided into 8 sepa^r^ate 
subateas, the largest being. UfjQ^^es^^9 ha) ; the smallest 60 acres 
ha); .wi.thr'an average .size of atft^ (36 ha). , - . 

' ' ' •■ : ■■■ ' ■■■ • 

There. .is- no formal plan for operating the city sprinkler system. Each- of 
the subareas is irrigated for a period of : 1 to 2 weeks. The lack of an 
operational' schedule and flow records for each plot, means that 
application rates can only be ^estimated. The Qalclilated average 
application rate based on-^6 months flow to the field was presented in 
Table 7-6. -Soils are principally well drained silt loams with slopes 
riinging from 2 to ovler 20%. ': • 

, ■ . ■ . ■ ' o /*N •• , ' •* 



. 7..3.4 Operating ChairacteristiCS; and . Performance of City's 
V . lrriga£iorj,.;^stem • 

h-: ' • • ". ^ ■ ' 't^'..; . ■ 

Th6 industrial effluent for city operated sprinklq^r ^application is pumped, 
against a :>maxif|ium>«ta1iic head of 5Q ft'(15.?;Fn|v.: At^^^t^^ farm,;it vis 
distrit>utec|^ to 8 separate'^ fi el ds through 187^ lateral s and 6 500 sprinkler 
heads.....; A gage pressure a§; high as -^lAO/ W (96 N/cm2) .^is main- 
tafned In the main distribution linie with pressure at the heads in ;the 95 
tp; TOO lb/rn-2 (67-70 N/cm2) r?inge. -'Even with some sloped .on thfe site 
■exceeding 20%, there is evidence ^of only minor' erosi.on. The city 
sprinkleV system employs > two types of-headSy the impact' nozzle an 
Targe diameter gun. The Tattler type, shpwn in Figure 7-5, distributes 
325 gal /mi n - ('1 260 t/min) at 100 l b/1n-2 (70 N/cm2) with 410 ft. (125 m) 
diameter of coverage/ ' ' s • 



At the high operating pressures, thqre !ii^a problem of, breakage of joints 
betw^n the risers and the lines and between the risers and the impact 
headsX Thepe i$ also a problem of breakage of the .heads and risers by- 
the * ^npmx^ because* of lack^ bf visi|)i Vity of the heads^ when the* crops are 
highesi^ ^prior to mowing. The type' of mower us'fed and an impact sprinkleV * 
are shown in.Figure 7-6. . ^ • - ^ 

•' i'Z-y-r ' -'^^ 

The^^ ^ crop' being grown on the city's irrigated .plot is alfalfa 

fdir- ijay. The farming operation a TocaT. farmer who is 

pa j<l ^'00 ^h^ r^aic rea^^, bale , of - weight basi s accordi ng, to the taste bei ng 
;pefformedi.^ >For^ exampTe^mowirig and wi ndf owing is paid for by the acr0- 
• The- *city ^^^toresv the bsiTes ' and seT Is them when markets are string." 
Protq^'n qua^l i 1:y of ^the hay^ i s^good, averagi ng- 14.*5% by^ weight wi th a high 
of 21.0^^^ind a loH of -'9. 4%; • ' . / v . v - ^ • 



-Although ^■>the BOD of^ the itidustrial effluept could be "considered hi gh> 
;( average = ^965^^91^ ) , thifere' were^^a indrcations of nui sance cohdi tio.ns at 
the appTi cation si te nor- have cpmpljsijits bipen-noted from the surroundi ng 
residents. • ^' ■ . r 

Vw-. ' ' ■ / ■■ ^. * ■ • ' .... ■ ■ 

7.3.5 I#igation*of Milnicipal Effluent by Private Districts - 

■-- , ■• ■■• . " ^' : ■ ' .;■ ■■■*>■■. - ' ■ .V 

Application^ rates oT^^e^ munici^ ••used by the irrAgatipn 

districts Are difficul t^q e are kept^ The BTalock^ 

. irrigation distri^et coniigts ;*of 84^' acr^^^^ (339 '!'ha) &nd >1ihe Gose 
irrigation district',i-s approximaiijely>^l6t) ac^r^^ (40 ha) in si zeT" District 
farmers withdraw, water directly ;%(^ ' ditches or' fi^ll Creek for 
spr.inkTer or flood irrigationy depending upon the time of year or the 

^croi>. ■ On the average, spri'^^rs^ are/bf 'the 6 ^ 7 gal /mi n (23 to 26 
L/mi n) . type covpin rrg an area ft ( 12 m by J8 m) . Spri nklers 

are allowed to run 3, to 6 roufs/ a different 
parcel . This gives application rates,ig^ from a bptential minimum of 
0.7 in. /d ( V8 cm/d) to a maximum of l^^in.^^ 



FIGURE 7r 5, 



• LARGE DtAMETER SPRINKLER 6aN FOR INPUSTR I aI :?^ 
WASTEWATER APPIjICATION USED AT WALLA WALLA, WASHiNISTGN 




FIGURE .7-6: 



. I ALFALFA HARV-ESTING-EQUIPMENT, SPRINKLER RIS&R, AND ■ - 
IMPACT HEAD AT' CITY IRBIGATIOl^^SITE, WALLA WALLAv'WAS.HrNGTON 




ERIC 
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No distinction i s ,made between water that is primarily '^or partly- effluent 
and well or reservoir waters* in terms of crop selection. Local farmers 
grow whatever has an attractive ^market price without req^RiJ to the 
water's source. Effluent irrigated crops sell for as tjvg#a' price as 
nonef fluent grown crops ana there has been no case of manket 
discrimination. This was confirmed by a representative of one of the 
area's food processing plants whd purchases large amounts of both 
effluent and nonef fluent irrigated vegetables.. ' 
• ■ • • o ' ■ 

Supplemental nitrogen (36,0 lb/acre [^^Jfcfw* ured) and 

phosphorus are added to the wastewater ^^HPBBfe a se Crops 
grown on ^ domestic effluent i^rri'gated of, 
acreage): onions, carrots, / spinach, alfarP^both for/grazing and for 
harvesting), radishes, and tomatoes. LocaV farmers have not noted any 
decrease in yields nor deterioration of cropl ands . over the year^pf 
effluent use. Nuisance conditions caused by slime buildup have occu^ed 
in the past, but se[jar.atidn of the industrial wastewater in 1972 appears 
to have'solved the.problem. ■ 



7.3.6 Costs 



Cast data are difficult to. compare between the municipal and industrial 
systems. For example, treatment costs for the municipal wastewater are 
borne by the irrigation districts and neither these costs nor the revenue 
from the farming are included in the treatment plant accounts. Likewise, 
much of the time required to maintain the city farm and to administer its 
agreement with the contracting farmer is not.accounted for separately. 
Neither are records kept on the portion of industrial effluerlt u^ed for 
makeup watfr .in meeting the district's contracted irrigation demands. 
Last, credit for crops sold does not accrue to the cost of operating the 
farm but is returned to the revenue bond payers ( the area' s two food 
processing^ pjlants) to help them retire, the debt for. the sprinkler sys- 
tem construction. The estimated operation costs are summarized in- 
Table 7-8: ^' - ^ ' 



The capital, cost for construction of the .pumping station., transmission 
lines, distribution syste^m, and contro^l system for the'70U acre (286 ha), 
sprinkler irrigation. , field wa^ . $1.7 million in 1971. -This amounts to 
about ^$2 500 per acre ($6 000 per ha) construction cost. a 

7.3.7 Monitoring Programs 

The only continuing monitaring program is carried Sut b^'thei City of 
Walla yalla for the treatment, pj-ant operating records [6], A^ecific 
soils monitoring program was conducted in 1974 and repeated in 1976. The 
soils in the city's, sprinkler irrigation operation were sampled to 
determine the effectsVof . irrigation. ' The adjacent 5UU acre (204 ha) city 



•tract *|.s a nonlrrigated dry land farming area on which wheat and barley 
are . gro*n.-«o11s tests taken in 1974 of the nonirrigated and irrigated 
^parcels t^rovide little indication of any dif.ferences^in 'condi tions after 
2 years of 'wastewater irrigation. 

. ■ • ■i' ■ ■■' ,1 

TABLE 7-8 . ' 



I 

'■fr 



AVERAGE ESTIMATED OPERATIONS COSTS, 
WALLOALLA, WASHINGTON 

- «l/l 000 gal . (.> 





Municipal sys^^ni 


Industrial system^^ 








1973 


. .. '' ...3.4 




1975 ^ 


3.7 


7.6 . 


1976C 


. '4.3 . 


• '4.0 



f- 

a. * Tt-eatment costs only.. 

b. Operates May^ovember, treatment and 
■ distribution costs. 



c. To July 1976. 
.f^- " . • 1 (t/1 000 gar = 0.264 



7-.3. 8 Conclusion . . ... 

1 .. .* ■».'.• 

' . :^ ■ ■ ' ■ ' A 

The division of the industriaT and municipalwastewaters into#separate. 
treatment and aRplfcation streams is unique, and offers some real 
advantages at Walla Wdlla. This method shoul d be- investigated. for other 
;areas having .problems associated with the hj5[h^. seasonal loads and high 
BOD of food processing wastes. , 




7,4 Bakersfiald- California 5 

" •.1 ' . * ■ / ; 

7.4.1 Histor? ./ * * , - . 

' . .. . . ' ^ ■ % ■ i ' ■ • ^ 

Land application ^f wastewater has been practiced for ov.er 60 ye*rs at 
Bakersfcield in "the *San Joaquin Valley of: central California; Beginning 
in. 1912, untreated wastewater was used for crop irrigation. -Sinc^ 1939,^ 
city-owned lands ha(ve been continuousty utilized for irrigation of 
forage, fiber, and seed crops w^Vth- treated municfpal wastewater. ' 
Primary' treatment plants .constructed^ in 1939 (plant No. 1) and 1952 
(plant No. 21^ service about half of the metropolitan area (population 
200 000) and supply the wastewattr for the 2 400 ;acre' (960 ha) city 
farm. The . farfn , is leased to a grower who irrigates year-round with 
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surface .distribution methods. -Year-round irrigation is possible 
because- of the warm arid .climate 1 " . 

Although the, farming operation has been successful In containing all 
waaiewater within the boundaries of the site and producing crop yields 
consistent with. local averages, certain deficiencies have developed, and 
upgrading and expansion of existing facilities are needed. A summary of 
principal design factors for both the existing and proposed land 
treatment systems is presented in Table 7-9. 



TABLE 7-9 

DESIGN FACTORS, 
BAKERSFIELD, CALJFORNIA 



Existing, 'system 



Proposed system 



Type of system 
Avg flow,. Mgal/d 
l^pe- of wastewater 

Preapplication treatment 
Disinfection ■ ' . 

■/ _ 

Storage 
Time , d 

Capaci ty , Mga I . ^ . 

' Field area , acres 
Crops 

Application technique • 

Routine monitoring 

Buffer zones . ■ ' 

Appl i cation cycle-, d ' 
Time on 

Time off . \- ' ' ■ y 

Annual a pp'li cation rate, ft *■ . 

'Maximum weekly application rate,' in.*' 

Avg annual' precipitation, in. 

Avg annual evaporation, in, • .. 

Annual nitrogen .loading,' lb/acre. 

Capital cost of proposed system, ' 
$/acrea' . 



Slow rate ; 
14.7 

Primarily domestic , some 
poultry processing V/aste 

Primary / 

Not required 

4 * . ' 

60.- " 

2 400 , ■ 

Forage> fiber, and seed 

Surface (bordec^strip. and 
ridge and furrow) 

No ■ 

No / 

■ ,v * . . _ 

1-2 - 

7-15 ; ' 

,'6-.9 \ ..J ■ , . 

6.4 ' / . ' , 

§0. ■ ^ ' ■ 

466 » . 



Slow rate 
19.0 

Primarily domestic, some 
poultry processing waste 

Aerated lagoons 

No't required 

90 

1 710 

4 800 . 

Forage, fiber, and seed 

Surface (border strip and 
ridge and furrow ^' 

Yes ■ 

No 

0.5-1 - ' 

10-15 

.4.5 \ V ^ ■ 
4 , t - ■ V 

6.4 
60 
280 

2 960 



a. Not including pre*application treatment or storage. 

1 Mgal/d = 43.8. L/s 

1 acre =.0;405 ha 

1 ft = 0.305 - . ■ 

1 in. =; 2.5.4 cm * ' ' - . • ' ■ 

1 lb/acre = 1.12 kg/ha ... . * . . 

1 $/acre. = $2.47/ha V . ^ . 
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7.4.'2 Existing System Characteristics', Design Factors, and 
• . Performance- ' • , . ' . 

• ■ ' . ■■ ■ : ^ : " . ■ 

The existing land treatment system, depicted in rTigure^7-7, consists of 
a network of ditches and equalizing reservoirs" ^^itpplying the fields with 
wastewater for border strip and ridge and furroW methods of irrigation. 
Althpugh; the topography is very flat, ,the "drainage, is fnom north to 
south' with sump pumps ; along the southern end\to return tailwater tQ 
storage ponds (see Figure 7-7); Soils range fron/ fine sandy loam to 
clay loam. The soils.^ are generally aljcal i ne and poorly drained with - 
dense:;^ clay lenses at depths ranging from lO 'to 15. ft (3 to 4.5 m) below 
the surface. This clay barrier produces perched water 'in areas where it 
is continuous and reduced perco.lation in areas where it is not. 

• ' ■ , ' ■ ' 

Two permanent groundwater aquifers exist at approximate depths of 100 to 
200 f^^' (30 to 69 m) and at 300 ft (90 mV. They are separated by a clay 
barrier, artd the-'confeined lower aquifer is used for water supply. The 
deiep^ wells on the farm, as shown in Figure 7-7, produce water for 
supp;ien>ental irrigation water.' The quality' in this region, however, is 
inacfequate for potable uses as a result of naturally occurring high 
•total .dissolved solids and 'nitrates. 



'The* wastewater 1s primarily domestic in nature, with on?fy a few poultry- 
' Vi'OCGSsfng plants discharging high-BOD wastes to plant No. 1. •'the 
. charaCtevM* sties of effluents from plant Mo. 1 (3.8 Mgal/d [166 L/s]) and 
plant/ No. 7 (10.,9 Mgal/d [477 L/s]) have been combined and a typ- 
bjycrrd •of constituents found in the irrigation water is. given in 
' Tdble ^mr^ 

ft ^ . ■ 

< ■ \ : \ . . ' 

The quality of the ^combined primary effluent is quite suitable for 
irrigation. The sodVum adsorption ratio is; relatively high at 7.5; 
. however, it is not critical. The total dissolved solids contentration is 
not aj problem for any of the crops grown. 

Liqui-d and; nitrogen loading ^^ates, and nitrogen requirements 'for the - 
principal ' crops grown- on the farm aire shown in Table 7-11. As can be 
seen, the ni trogen appl ied meets- th^ nitrogen uptake of all crops. For 
cotton, the nitrogen loading is more than' twice that which can be 
utilized. ' Applying excess nitrogen: to cotton 'promotesi excess vegetative 
. growth ' at the expense of fruitive growth, resul ting in decreased yields. 
Yields for all other crops are approximately equal to, and /in some cases 
higher than, the countywide averages. Crop yields resulting from 
irrigation, with primary effluent "and the economic return per , acre are 
presentedl^in Table 7-12. * \ ^ 




FIGURE 7-7 
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TABLE' J-10 . 



COMPOSMEl|j^EWATER CHARACTERISTICS FOR. 
■ CI-p^iffiANTS NO^S. 1 ANa.-2, . .4 
BAICMaSlOT CALIFORNIA* • . , 



BOD, mg/L^ ^ : 
Suspended so]}d!s, higjp 
^ pH\ urvi ts ; 
^Ci mmhos/cm 



r«cT*^5''' nrg/L' 



. 150 



i 



ERIC 



51 



y ■>■■;•■.'■ '■Mti.. ■■■ ■ V.-- . .. . •. r i' ■ , ■ 



.^v- . ^ ^ ^; r Ph:q^phopu^,as'>, mg/iJ^^V " W*; 6,2 ' / ':i 



50 on 1976 tests, s|.xcept.^as 



, TABLE fm 



:,liQ>:DlNG:;«^^^ NI.TROG^iAul?JAK^ ktg^^ 

■ • ■ ■■' ^mtRSF-lELD LAN& mATMENf ' lisTEM^t^^^ ' ^ - 



TOP 



; L:l!qu1d load1ng^-,^.|ii trogen Voadihg 'Ti1,tctfnen "uptake, 
■ •■ . rate, ft^r _ ^ |^ate,^^ r Ib^rc.y.r '1 



iSilfalfa. 

Barley 

Corn 

CottoirJ\ 
Pastu»*e grass 



1 ft s 0.305 -m . 
1 lb/acre = 1.12 kg/ha 
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I • ^' ■ TABLE 7-12 ■ ■ 'i- '^^^^^^^ 'I 

■ •' , ■•• .■ ■■ ■ t. \ ■ 

:H • ■ EXIST.rNG CROP YIELDS AND. ECONOMIC RETURN.V 

, • \BAkERSFIELD, .LAND TREATMENT SYSTEM^^^^^ ':: 



•'^ .* . . « Typit^al / EconomfD ' V'v 

> . „ ^ . Crop Yieldj Tb/acre price, $/ib?' return, $/ax;re'- ^ '-Vit'. 

. .Hj'^^y 3 000-5 t)00 *'iy0.045.\ " ■. 135-225^ . ^ 

• f: • .'Corp^' :36 000-60-000^ V ^.0075 270-450' :' V '^'fc^ .?f 

>^ ; . i V * ••-''600-800 ;\ • 0^5 /Mr 210-^^^ 



V 

t . 



a-: Bas«4 on 1973\price5,:: ■ * V "'^--v , 

iTtre*^= .1.12 kg/ha; • " ' ■ 

1 $/acre = $€;A7yha- / ' : . • ... 



, I lb/^aTtre^= .1.12 kg/ha; ■ -'J' -r: : : 

• 1 $/lb-^ $^2/kg ; ?f ^. ,. \.:-. ; : . .jf 



flanagemlEmt ^oj^WJi'tei||^!has .b!|p'oijje ; a problen) .due'|il|VaokvO storage and 



, increasiiig fipw". ^dfng ofV^xce*? water 'has occurred Ofi-: $onie areas of 
the pastyfeland in wpter;- •■ATthough;f 1 .1 Is. ■%l^:jBf>Squi;i:J«/'lce attrkted to- 
the ^ s|egnaf1t^ Water , no* di seases' fi^ye/trej^i;^^^^^ 'tb slVffl uent use'. The 
e.quaVi zi ng reservoi rs, and tfhe rf«g|rag^ pond#iEtr' tai Iwat^r* are peri»di cal 1y 
sprayed. t» control rajsqui to' pft^ , • 

Public. health r'^.lations fo*5<iirrdgati^h .of' fo(ider,1f.tijer, and seed crops 
are: Such that the quaji^ty of reetaimed wi^er •shalj.n^^^ less than that 
of -prils^ry e^JHUftDt. 'Md^disi-nfectfon qi'. the effluent is required, and' 
none is . |g5^Vi^d1|^at 'the ;;tw^^^^^^ Normally, both corn and 

barl^,^ are^gW§n cho|)ped tiiot^hirvested. for grain) for cattle fodder. 
Dairy ' "Sqws^. are not/-' 'al Towed ■•tg gra^ p.a'stures irrigated with 
nondisijpfeet.ea ef fl'i^ent " so they ar| fed with-'green chop and* hay. Beef 
cattle a|^ l^lovted |p both graze pastures and be fdd on the green chop 
-anO hay.- .. . # ■ . 



7.4.3 .Pressed System Cnaracteristjc;! and Design Factors 



" ■ ^- © • : \ ■ ■ - • ' / - 

Al though prittiary eff^ent is suitame . accoi^ding to the California 
Department of Health, the Cajrtpa.l ' Val 1 ey Regional Water Quality Control 
Board has set limits.' of lb ing/L on BOD and' suspended solids prior to 
forage crop irrigation'. 4h^ir. rationale is that such an effluent can be 
stored without causing a. nuisance and will reduce the potentiaT for odors 
in system- man^^ement. , 



1; 
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The proposed system consists of an; upgr^ading of the 'existing 
preappl.i cation ^facilities and inclusion of a concrete pipe distribution 
system for continued surface irrigation of crops. City plant No. 1 will 
be abandoned and its flow redirected to city plant No.' 2, where new 
.primary clarifiers and aerated lagoons will be constructed. ^Chlorination 
Will not be provided since surface,application to forage, fiber, and 
seed crops does not require disinfection. 



The 4 800 acre (1 944 ha) land area of 'the proposed system will be twice 
that of ; the existing system because ^the principal/ objective of the 
proposed system is crop production rather than land treatment. Thus, 
double cropping with corn and barley is prpposed and th-is combination 
requires lesis water than is presently ^applied. A schematic of the 
portiW of the system located within the limits of the existing city 
farm and an additional 320 acre (129 ha) parcel noVtheast of the farm is 
presented ;in Figure 7-8. The remainder' of the system ( not 'shown in 
the figure) is located to the south,- including 960 acres (389 haj of 
undeveloped land which will be reclaimed for irrigation. 

.7.4.4 Proposed System Operation 

Flexibility' of 'operation will be provided by storage reservoirs, which 
will hold flows during periods of low irrigation demand. In addition, 
automatically 6perated tail water return statlons'wil 1 control runc^f 
from irrigated, fields-. . Outlets from the distribution laterals will-^ 
consist of orchard- type valves, which are adaptable to gated surface 
pipe, open ditches with . siphon, pipe, or .direct flooding of 'border 
strips. Tel emetiered alarms will continuously scan the operation. of th?. 
system to alert the operator -of* malfunctions at any of the pumping 
stations. *.* . ' 

;. 7.4.b, Costs- V ' , 

City, revenues from the lease of the. existing farm amount . to about 20% of 
the operating and maintenance CC^ts for the* two." treatment plj^^Jts [7]. 
Detailed .operating and maintenance costs for the existing fagrm^ere 'not 
available. ^ • ^ f / 

The estimated construction casts for the propdsed sys.tem on the basis, of 
summer 1977 construction startup are summarized in Table 7-13'.f ; TJiese 
co$,t*s .do not *:include land ' acquisition costs -.or engineering, 
admini-stration, * and leg^l expenses. The City of ^akersfi^eld wilJ lease 
the propeirty ^, t9 the,, fjighest responsible bidder for management of the 
system, ' and *'the city ^wilT be responsible only for mainte/i'ance of the 
main pipeline afnd all pumping ,equip^t.\ T 
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FIG'URE 7r8 ♦ • 

BSED WASTEWATER IRRIdAf ION SYSTEM, 
BAKERSF'IELD, CALIFORNIA „' 
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^TABLE 7-13 . 

^%£STIMATEDi CONSTRUCTION C^^^^ 
t(mm WASTEWATER IRRIGATION. SYSTEM, 
T|/\KERSFIELD, CALIFGRNIA^* 



Land reclamation *and stte development < $ IH26 000 

0 Storage and equalizing reservoirs tBw385 000 

V Distribution pipelines ' . 4 697 ,000 

Pfstribution pumping stations . 621 000 

. Tailwater return* systems . - 5li3 000 

Bonds and .insurance 154 OOP 

Total " ^ $12 496 000 

Gonstruction costs, $/gal of capacity^ . 0.66 

a. Based on summer 1977 construction startup. 
. b. Based on 19 Mgal/d average flow. 

1 $/gal = .$3.785/L V 

1 Mgal/d = 43.8 L/s . . ;r ' 



7.5 San Angel 0, Texas . 

■ • • > • ^ 

7.5.1 .History - ; ' " • \ 

San ^^AngeflOi a city of about 65.000 in west central Texail has treated 
its waste>|[ter by primary sedimentation followed by land application 
•^ince 192*8. ' "The system was operated at ope site for the/first 30 years 
acid has been/operated at the*^esent site for 18 ye^irs. Pressure from 
development around the ffrst /site led to i ts abandoinient in 1958. The 
present', slow rate system <?^0nsists of 630 acres' ••'^ (255 ha) of ^city- 
owned pa^stu re -.and cropland" irrigated by the border strip rttethod (see 
Table. 7-141- Preapplicatibn/ treatment .will —soon^ be upgraded./ from 
primary to secondary to meet state requirements for%;astewater irriga- 
tion* of areas accessible to the pub.lic. ' ^ 

■ ■ r, , ' 

%^..5.2 Project Description , . iv . 



wastewater is -currently given primary treatment prior to land 
application.^ The effluent can be used directly to irrigate the 
pastureland, shown in Figure 7-9, or it cin be directed through four 
hoi di ng ponds . 'The detenti on time 1 n the ponds at an average f 1 ow of 
5.8 Mgal/d (254 L/s)^ Is-aboUt 30 days. . The ; 330 acres ^"(134 h?i) of^ 
pasture receive somewhat more effl uent annually than the 300 acres (121 
ha) of cropland, which is rotated between oats^, rye, and grain sorghum. 



•TABLE '7-1 4 

DESIGN 'FACTORS, 
SAN ANGELO, TEXAS 



Type of system 

Ayg flow, Mgal/d ' 

Type of wastewater . 

Preapplication treatment 

Disinfection ■ 

Storage 
Capaci ty , MgaT 
Time, d 

Field area, acres 

Crops . • . 

Appl icatlon technique - 

. Ro^jtine monitoring . ' ' . 

Bu^^fer zones 

Application cycle, d 
Time on 
Time of ft 

Annual application rate, 'ft 

Avg weekly application rate, in. 

Avg annual precipitation, in. 

Avg annual evaporation, in.. 

Annual nitrogen loading, lb/acre 

"Operation and maintenance 
costs, t/.l 000 gal . ' 



Slow rate 

5.8 ' ^ .- 

Domestic and industrial" 

Primary . 

No 

174 x : 

30 

630 

Coastal Bermuda grass > fescue, 
oats, rye, and grain sorghum . 

Surface (border strlpf) 

Yes ' 

No ■■ . ■ ■ 

V ■ . . 

30-14 . 

10.3 i 

2.4, 

18.6' : \ ::\ ^ 

800 : ' ■ ; V . ■ 

0.9 ^ ■ ' : . • ' / 



1 Mgal/d = 43.8 L/s . ' 

1 acre =• a.405 ha 

,1 ft = 0^.305 m • V 

1 in. > 2.54 cm 

1 lb/acre = 1.13 kg/ha 

1 e/1 000 gal ='0.264 t/m^ 



7,5,3 Design Features*" 



Distribution consists of underground pipelines, and outlet valves at the 
head end of the borders. The plj^ture is irrigated/. year-round with the 
storage ponds providing .addi tional : treatment as weTT as deteiiti\in to 
allow?:' crop rotation. Effluent is^,. pumped from the primary treatment 
plarit 'to'^ the storage ponds and flows t)y gravity to the fields. 



As can be seen in Table 7-14, the evaporation excee.ds precipitation by 
an average of 41.4 in./yr (1.1 m/yr). Thus,* the 123.6 in. /yr (3.1 m/yr) 
wastewater, application results in an excess of 82.2 in./yr (2.1 m/yr). 
The percolating ' water emerges ais groundwater^ seegs at sevieraT drainage 
points on the farm and, flows into the Concho River.' 



. FIGURE 7-9 

SLOW «ATE LAND TREATMENT SYSTEM 
AT SAN ANGElO, TEXAS 



4 




7,5.4 Operating Characteristics ana Treatment Performance^ . ^: 



The pastureland is planted in coastal Beniiuda grass^.that ifjiDQth'' grazed 
by beef " cattle and , harvested ,as hay. Gracing '/ight^'are sold to 
cattlemen anct the hay,*-; shown in h'gure 7-10, is sold to by 
,the, bale. The oats, rye, and sorghum are used for cattle •t^^edl' / 

■ ' •;■ ' ' . , '- '^ ' / ■ ■ ■ • . \- • • 

The / wastewater .is applied by the border strip method as sh6wn in Figure 
7-11. The borders vary in width^and follow' the slope of the; land v The 
principal soil s, are Angel o and Rio Concho" clay loams. - 

r ' ' ■ . . ■ ■ . ' ' ' . , . ' • (t^ ■ ♦ 

The treatment* performance can be estimated by comparing "the quality of 
the appl ied w^ewater to the quality of^ groundwater that emerges out of 



COASTAL BERMUDA GRAS5 HAY AT'SAN ANGELO,, TEXAS 





seepage creek No. 1. Ae treatment performance data presented inl^abl^' • 
7-1 5- are for October 1973 [8]. The apparent nitrogen removal of 5'2'% 'i;^ 
far: an area currently in pasture that receives over '800 T&/^^ (900 '■ 

kg/haryrl* The crops; grown 'in that -area in 1973 are unknown. ', . 



TABtE 7-.15 



.TREATMENT PERFORMANCE,* ' 

SAN ANGELO, TEXAS [8] V 
. ■ i. mg/L • y- 

■ ■ ■ ' ■ ■ ■ ' ■ ■ ■ ' t 



. Constituent. .. 


Pond 
effluent 


J Seepage . . ■ 
. cr'&ek No. 1 • '. .■ ' 




". •>■ 


BOD. • . -. * 


" .54.2 ^ 


1.0 / 




/.J 


Anvnoni a nitrogen 


28:o 








Nitrate nitroger\ v ' 


' • 0.8 . ■ 


^ ■• .13.0 . :\ '[ 






Total nitr'ogen , 


i' : 28.8 


13.7 > 






Total phosphorus' / 


^'5.9 ; 


'0.09 ^ V 




- ^. 


Total dissolved'soTids 


1 704 


1 900^ . 






"■)■'/' ..tV: . ■'; ; 









The. high totaV fdissal.ved sqIo'ds -value apparently does ladt adversiely ■ 
affect crOp ■ growth. The pasture that is grazed supports lO-head' of 
cattle per acre .{25 head/ hal w^^^^^ i s' an.-9rder of maghitude' greater tharv ' 
compaVjpible. densities for conventional ■'irrigated pasture in, central 

Texas. .'- /■ , ■■./'"' ' ^■'•■■^ - ' 



,7.5.5 



Casts 



Capital costs for the construction /'(3^ the systiem in 1955 and purchase of 
the ■ land are not available. , In '1972, V; i^iev val ue of the land> was 
•estimated to be . $500/acre ($1- 250/haV [^Mvthe new 'activated isludge 
plantv which' will have,,, a capacity- of ^.^■''^,^'j<!i {Jll L/s) i'wi^ll , eost 
$,4 million (April 1977). This" plant will be C9p|ble of supplying efflu- 
ent as: irrigation water to nearby farmers.^ Thepresent land treatment 
system 'may fee expanded when, the city cari ^purchase*^ additional land in the 
area. 5 . ; ■ ■ ': . '■ .. ■ ■ .,...■.„ ; " 




Operations; require three farm employees and a manlier- at cf budget Ibf-. 

about $60 000 to $70 000/yr. .{jrai'tng rilijits' are. sold^at $5.50/month iFor- 

each head of cattle. The .baled hay i s so.ld at $1.50. to 42.. 00 p^r bale. 

In all ,'the revenue from the farm amounts .to $80 000 -tb' $90 000/yr .'for a. 
•net profit df around- $20x 000/yr: -Revenues amount to 3:8'j{7l 000 gal^. 
.{I.Oit/m?)., .■ ■ ■ ■ ■ ■• ■ ^ 



^ * 7^5.6 Monitoring 

■ ' ■ ■ ■ ■ , ■ ■ ■ . , ■ ■ • , ' • • ^ . ■ ■ ■ . 

... ■ ■ • ■ ■ • ' ' • . 

Normal monitoring ihcludes periddic analyses of gi^oundwater. in several 
wells. "In October 1973, an intensive monitoring survey was conducted to 
determine the effects of the land treatment system on tha Concho River 
[8].. The findings were that while, seepage f rom * the system was 
significantly • increasing the flow: of the river, it was .having a 
negligible effect on the water quality.. A sample groundwater analysis ■ 
from the normal monitoring program is presented jn Table 7-16. 

■.. ' ■ ■• ■ . ■ * ' ■ * ' 

. ^ ' : TABLE 7-16 . 

. . ^ X SAMPLE OF GROUNDWATER QUALITY, 

, SAN ANGELO/TEXAS [9, 10] ' ^ 1 
* ' • : / mg/L * 



Consti.tixent ' Well No. 1 Well No. 2 



Total dissolved solids 


1,659 ^ 


1 ,628 


Total alkalinity asr CaCOs* 


352 


394 


Total hardness as CaC03 


i.080 


676 


pH, units 


.7.3 ■ 


7.3 


Calcium . . 


192 V 


162 


Magnesium- 


146. 


" 66 


Sodium^ ■ 


130 


265 


Sulfate 


. 140 


12a \ 


Chloride 


596 


.500- 


Bicarbonate A 


. 429 


481- - 




i.i . : 


0.1 


Phosphorus/ ( 


0.015.. 


.0.025 


Amnonia nitrpgen 


0.0 . 


.0.0 


Nitrate nitrogen 


9.0 


22,3 


Total ni^trogen 


9.V'' 


22.4 . 



V 



7.5.7 Long-Term Effects Researqh: 

Research on the chemical and microbiological effects of 18^ years of 
operation is being conducted. by researchers at Texas A & M University. 
The 2 y^ar. effort is expected to be finished in ,1977. Sampling will 
include soil , plant tissue, wastewater, groundwater, and water emerging, 
as seeps. The heavy metals, nutrients, and or^anics will be measured in* 
the water and soil samples. Crops. within specially fenced areas will be 
checked for yields and tested for nutrients and accumulation of metals. 
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7*6 Muskegon, Michigan 




\' ^.6.^ History and Objectives 



The need for an alternative wastewater /managfement pVogranr*for the 
Muskegon County area became apparent in' the late 1960s, because of 
deteriorfition m the water quality of local .surface waters. Fourteen^ 
,munici pall ties and five major industries were jpequtred to achieve an 80%' 
• phosphorus reduction and produce, effluent that .would not resul t "in the 
degradation of the water quality of Lake Michigan. 

■ ^ , . . ■ 

Areawide solutions were explored and the most, cost-effective solution 
, was to divert all the wastewater discharges from surface waters and make 
use of undeveloped land as a major component of an areawide treatment 
system. The decision to undertake such a plan was based in part on, 
economics and in part on a conimitment to. .recycle nutrients as resources 
rather than discharge them to the envirOnment'in a nonbeneficial mannec- 
Construction of the facilities commerjced in 1972 land pperation was begun 
.in stages starting ,in May 1974. the first full year of operation was 
1975. . , ■ . -..f ■ . 



7.6.2 Project Description and^Design Factors 

■ ' if 71 



The Muskegon dounty Wastewater Project consists of twp independent 
systems: the Muskegon Project and the smaller White^hall Project. . Both 
systems make use of the slow rate /process of land treatment: Because^of 
the much larger size and quantity of infomati on available for' the 
Muskegon Project, this section will be limited to a discussion of that 
system. A summary of the principal ',de*sign factot?s for the MUskegon 
Project is presented in Table 7-17/ . V 

' • .... • ■■ . ; " . . ■ ',. • ■ 

Industrial ; wastewaters discharged to the system constitute pver 60% of 
the present flow. Jhe lar-gest single discharger, S.D#, Warren Company, a 
Kraft papermill, contributes approximately 15 Mgal/d {oMwi^/s) 

The treatment' system consists of &io1ogica1 treatment^ t^^^^^^ lagoons 
followed by sprinkler irrigation of land on which;%orn is presentTy 
grfown. WhiTe there are many intjeres ting featuresjof the system, its 
uniqueness lies primarily in-the size of the facilJity. With a design 
capacity of ,42 MgaT/d (T.8 nr'/s) and over 5 OOOi'acres^ (2 025 h^) of 
lalnd under irrigation, it is the largest operlting facility in the 
Urn ted States, designed sjaecifically fbr land tr;iatment of wastewater;. 
Other features include the low overall, operation costs. During 1976, 
cr(j>p revenues offset 60% of the total operating <:bs^s of the system. 
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' ^ TABLE 7-17- 


; ■ ■ •/ •■ 

; ' / • 

/ . 


DESI6M FACTORS,' MUSKEGON PROJECT, 


I _ .■/. •■ 


MUSKEGON, MICHIGAN ' " 




,Y ■ - ■ , * ■ ■ . 





ime of system 

A^.g flow, Hgal/d 

Type of wastewater 

Preapplication treatment 

^Disinfection 

Storage 
Capacity, MgaT 
- Time, d 



Field area, jacres 
Crops 

Application technique 
Rogtine. monitoring 
\ Buffenones 



/ 



Application cycle . 
Time on 
Time off 

Annual application rate, ft ■ / 
Avg .weekly application rate, in. ^ 
Avg annu4l precipitation, in. 
Avg annual evaporation, in.* ' ; 
Annual nitrogen loading, lb/acre, 
Capita'l- costs, S/gal of capacity^ ^ 
. Operation and maiht^enance costs, i/] 000 gal 
— ■ — — '■ '■ — :x 



Slow rate : 
28.5' • ' ; . 
Domestic and fndustrfai 
Aerated lagoons ' • 
As required \ ' . 

/ 5 323/ ■ ' , 

'5 350 
, Corn and rye grass 
- Sprinkler (center, pivot) 

/.Yes. - ' 

. ^es V : • , 

Varies . ' 

Varies ^ 

Varies; 1-9, avg 6 

3.0 ^ 

32 

30 

, 130 ; • ' * 

1,01 

12.5 * 



(papermill) 



a. includes transmission., preapplication treatment, storage,' dls^tribution 
system, 'and underdrainage. .. . ' ' 

1 Mgal/d = 43.8 L/s ' • ^ ' 

1 acre- 0.405 ha ' ) ^ 

1 ft = 0.305 m ^ ; * 

1 in. = 2.54 cm , - * . 

1 lb/acre = 1.13 kg/ha , . v 

1 $/gal = 3.785/L . 

T (t/1 000 gal = 0.264 '(t/m3. • . " 



EKLC 



A Vplan of ^he facilities is shown in Figure 7-12. Incoming wastewater 
first enters one of three 8 acre (3.2 ha) aerate<Magoons, which may be 
operated f n - parallel or series. • From the treatment cells,, wastewater 
enters th'e two^ 850 -^cre (344 ha) storage lagoons shown. A sepkrate 
settling pond is' also provided which can 'serve as a bypass .to' the , 
storage lagoons. OiTring the irrigation season (April thrpugh hloveinber) , 
water for irrigation is drawn from either the storage lagoons or from 
the settling Voond into a J4.acre (5.6 ha) -outlet , lagoon. This treated 
effluent releasied rfrpm the outlet lagoon can be chlorinated iri a ptfixing* 
chamber prior to delivery via open channels to the two main- distribution 




FIGURE 7-l'2 • 
. MUSKEGON vpRCKieCT LAk^tREATOENT SLTE PLAN 



ArmCATION 
AREAS 




\ 
B 
C 
D 
E 
F 



AERATED ^ACODNS 
SETTJcINC PONO 
-> OUTLET LAfit JII 
CHLORINATION FA C I ILTY 
DISTRIBUTION PUMP I N fi S T A T I ON S 
DRAINACE PUMPING STATIONS 
• DRAINAGE WELLS 

.^^^.^ > MAIN QRAINA&E TILES 
■ » ■ DRAINACE DITCHED 



SCAltE MILES 
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\ pumping stations. These pumping stations deli vef the wastewater throUgtr- 
a series of buried pipes- to th6 irrigation equipment. Bec^ause of , 
* . . bacterta> die-off .during the long storage , period', chlor4n^^^P" not 
"1 required'at all 'times to meet discharge requirerneiits* . . 



Wastewater is applied to the land by 54 center pi Vof irrigation mafchines 
which utilize :low'^vpressure rK)Z'Zles and; roll ,on pneumatic tires (s-ee 
Figure 7-=13). .VertlcaT turbine pumps%at;two main plumping stattoRS. .' dis- 
charge to an asbestqsrcement pi'pel ine^distrit^liti on: network. Major .design 
,data for. the distribution\systeLm are presented i'rt Table 7-18. 



Soil types at: the appli cation /si tfe J nclude sandy soils with infiltration 
rates 'fn'om 5 to more than 10. in*./!i"(12.r to 25,4 cm/h), .loamy soils with 

A A Z5.4 pm/hj, and 'Clay soils with" 



rates from, 2.5 to 10 'in./hir X6..4 to 



rates ranging, from 0.02 to 2.5 in./h 
of the soils, .^however, are sands and' 
application, rate "is 4 in./wk (10 ^/wk), 
0.74 'in. /wk (1.9 cm/wk) of p'recipVtation 



0-.05>to 6^.4-cm/h). The majority 
sandy loams*. . We maximum design 
which- includes an allowance for 



A combination of drainage tiles, drainage wells, and natural drainage 
collects ''tHe subsurface jw^ter and distliarges it to adjacent receiving 



surface^ wateris. The/ majority of the 
tiles at apprx)ximately 500 ft (153 m) 



site is underlaid with drainage 
ntervals and from 6 to 8* ft 



(1.5 to ^2.4 m), deep. the laterals, constructed of perforated 



FIGURE 7-13 



CENTER PIVOT BOOM WfTH UetfPRESSUkE NOZZLE, ' k 

y Muskegon;' PROJECT . ^/ » 
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polyethylene , filtered bV fiberglass ' sofeks, conduct tbe^^^ater to<jnain 
xCcmcrete drainage pi pes! ^ ^ Thre concrete piipes carry the Water to.'cfpen 
\ditches^: which In 'tihr.n/^ to two receiving streams /^^^^^^^^^^ . 

tiles were largely installed using- a continuous plow machine as^si^joWn ^n *• 
Figure . / 



TABLE 7-18 ' 

DISTRIBUTION SYSTEM DATA [12] 
MUSKEGON PROJECT 



Pumping,^ . • ■ ^ ■ . - , . \ i , V. ' 

Na. 'ef vertical turbine pumps ; * 17 c - . 

^;Peak capacity. Mgal/d ... . ' ?1 .7 . ? .^S 

piping size range, in: . 8-36 ■ \ 

Center pivot irrigation rigs " * / ' 

No. .of rigs , / ' ■ ^ 

Radius. Tt' . . " 700-1 4o6 , " ■ ^ ' 

■ ■ • ■ ' ■ ' ■ y 

Coverage range, acres ^ 35-141 . > ' • , 

Operating pressure; Ib/in.^- ■ '■ 35-84 . 

Nozzle pressure; lb/in. ^ . ' , 3-alO' * |. 

. AppJicatjjbn' ra/e (x:ontinuous operation) ' / / . 

; . in'./h ' \ . . O.C)?39; ' | 

in.'/wk ' , . * . - : 4, Co . : ■ j 

Application 'season, months 8 !\ 

^' ' ' '* • " ■ ■ ' • 

1 Mqal/d'=: '43.^ Us ' " ' ' 

: 1 in. - 2.54 cm ■ ' • ♦ . * . ■ • 

ft = 0'i305 m . ' . V' 
1 acre = 0.405 ha L 
ltx/in.2 = 0.69 N/cm^ 



7.6.3v\0p^rating Characteristics and Performance • 

: ■■ ■ • ■■ • ■ V. . ^ - ' > ■. •■■ ■ ■ ■ ^ ■ 

Irrigation with wastewater .at . Muskegon comriTenced in May 1974, and 
numerous ^temporary- ^startup problems were. Encountered. Most Qf the 
problems, such as dike damager^reaks in irrigation prj&siu're pi p^es, and 
electrical cable failures, have been " resolved. A persistent, o 
significant odor piroblem. pccuirred, at the treatment site arjd.: was' 
attributed^ to\ the high volume of papermilV waste. The inlet structure 
has/fc(%en madi'fied to reduce/the release of odor. ' ' 



An operational problem was the plugging of the Jrrigation* rig nozzles 
with a mixture of sand and weeds, which are *bl own into the storage 
lagoons and main irrigation ditchesi During the first two arri^gati oil 
seasons, ten full-tim6 "no2zVe . cleaners" were 'hired in an attempt to 
minimize plugged nozzles. Even With this effort, thV degree of uniiForm 



Water. appli,cipit1 on was, not. .acceptable;. ' To - alleviate-' this. ppoblefn, 
settVing - basins* and screening: systems h'ave^beerr installed' ahea<l of both 
«iprigat1oX Pumpi'ng stations. '■■■-'^ ' > ' - 

• . ■ . . . FIGUi^E Z-14\ ' >' .'. 

- ■ ■■ ■ . ■■■■ ' ' ■ ■ - : 

\: ' INSTALLATION "of -liRAINAGE tiles; - . 

. •: • * . .- MUSKEGON PROJECT . 



/ r ;.■ 



\ ■ 




^ , * . ■ V . .. . ^ . ■ • :^ . ,. ^ . 
Another'^ operational problem cluringv'the first; season was downtime due to 
the irri^&tion rigs becoming stuck in soft,;w?t soil in one a.rea[. This, 
problem 'has been greatly al leviated by Increasing'^tire size 'from 11 by 
24° in; ^to 14.9 by ?4 in. (28.by 60 cm .to 38 W 60; cm). ^ To furtiher a.U^-' 
viate the problems 'pf ^stHJck rigs, ^ machine spefi^ beejri Ijoubleitf ^^[12]. " 



^ . - • .V , 

. ^. K , , -. . . ..... ^ " . 

In 1^75, 4 700 acres' tl 900 jiaV df the 5 400 acres (2 182 ha) 
was planted in corn and - irrigated with up to 4 in./wk (10 
wastewater. The remaining 700 acres " (283 ha); was -fallow 
grass. Total wastev^a^r -applied rariged from ze^ro to over 
(254 cm/yr) per fie\d, with the 'majority of the fields receivi 
toV 75/in./yr. (127 to 190 cm/yr) [13].* • Representative yi el 
gra?#' from various fieilds at;the Muskegon land treatment si 
'1975 seaspn 5re presented in Table 7-19.. . * "■Z''- 



irrigated 
-cm/wic) 0f 
or in rye^ 
100 in. /yr 
ngjfrom 50 
ds of corn- 
te for the 



TABLE 7^19 



'I 



REPRESENTATIVE, YIELDS OF CORN GRAIli, 

^ FOR VARIOUS SOIL TYPES, 
MUSKEGON UND TREATMENT' SITE, 1975- [13.] 



Wastewater 



Supplerhental 



Corn grain 





applixatlon, 


fertilizer, 


yield, 


• Field soil type. 

' — — h — t'^ ■ / 


in./yr 


lb/acre -yr 


bu/acre-. 


\ Rosconinon sand 


57' 


■ 65 


* 90 


Rubicon sand ; ' 


• - 106 


63 


Ik ^ 

83^ 


AuGres sand 


59 V 


70 


• 71 


Rosconinon sand 


69 


40 


69 


iGrahby loamy sand 
Rubic6n^sand 


. 14 - 


27 


• 61 


. / ' 93 




53 


AuGres sand / 


14 . 


10. 


3,6 


' Roscommon sand 


04 


0 


31 


Project average 


54 


44 . 


60 



1 in./yr = 2.54 cm/yr 

1 Ib/acre'.yr = 1.12 kg/ha-yr 

1 bu/acre-yr =» 2.47 bu/ha-yr 



■ ■ ■ , ■ . ■ ■ .\ > ■ ■ . ■ ■ .. 

The Wastewater provides an adequate amount of phosphorus and patasslum, 
for "^he . corn ^crop^LU].. However, the low levels of nitrogen in the 
(Wastewater would not/be^adequate withoutj supplemental , additions. In the., 
sandy soil, there is little organic nitrogen and even less t*n ?i soluble^ 
form usiable by pi antsy , as sandy soils, tlo not retain muctH nitrogen. ' 
Therefore, during ti>p' 2 months pf the 6' month irrigation-period in which 
the .'xorfi is actively growing. It is- necessary to Inject nitrogen 
fSrInliaer into tlte wastewater on a dally basisJ /It is important 'that 
the '° application rate of the soluble nitrogen be adjusted so^at the 
corn plants absorb/'and use ^Tl'of the avail able- nutrients as'rastvas' 
^elr metabolism . p*m1ts^.^ From 0 to 89 Ib/acre-yr (0 to 100 kg/ha-yr)- 
of nitrogea fertiliziBr Was addfe^/to the different irrigated fields,' 
(lepertding upon the amount of wastewater applied and crop requirement/ 
needs. ■ ' ? ^ ' ' 



Dbrn planted in 1976 yielded an average of ^81 bu/acl'e-yr (200 bu/ha-yrj,, 
significantly greater than the 45 to 50 bu/acre-yr (111 to M23 bu/ha-yr) 
average corn grain yield on dperatiri^ farmJandHn Muskdgon County., This 
is quite - remarkable in light of. th^ fact that most Isoils at th^ 
treatment si te^ are very poor, and tnat wastewater renovation is the 
primary purpose of the system. Thp^agrl cultural, productivi^ of the 
Vluskegon land treatment system has steadily increased over its first 3 
/ears* of * existence; as shown i,n Tabl^ 7-20. Sale of the co/n has 
proceeded With the grain commaiidin^ full market value. ' ^ 
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• . .• " ; TABLE 7-20 ' r . 

i ■■• ■ ■ • \ 

, \ ■■• INCREASED AGMCULTURAL PRdDUCTIVITY, 
MUSKEGON LAND TREATMENT SITE [13] 

■ * . • • . '. ' ' . » 

— - 1974 1975 . 1976/ 

^ ^- ' • . . " • ~ '■ ~ '. 

. • Corn yield, bu/acFe-yr '. . ^ . 

' Land treatment site 28^ 60 SV 

Muskegon ^County average ' 55 65^ 45-50 

Gross (yrop. re venue, $ millions 0.35 0.7 1.0^ 

\ -. 1- —J -X— ^ ■■ . . 

a. Estimated. ^ 
1 bti/acre-yr = 2.47 bu/ha-yf ' / 



The entire Muskegoa wastewater treatment pperati on bein^ handled. by' 
40 fuTl-tiBie^peQp remand an additional "^part-tfnie labor force of up to 10^ 
worke^rsV A part of this work activity, is associateid with't||pB Muskegon 
EPA Research and Development Grant. The normal staffins( 6f the 
treatment operation during the day shift -is 2 people «on the northern 
.irrigation rigs> and 2 people on < the southern irrigation- rigs, with 
another 2 ijeople prdV-iding maintenance as needed [11]. The other 2 
shifts are st^fed ,vith* V person per shift. , / ^ 

The ^ average treatmeTit results for 1975 are presented in ^Table 7-21. 
BOD, suspended solids/ and phosphorus levels ',^re . well below the 
discharge VpeVT?t"t.;. requirements^ which are 4 ma/L for BOD, lO^mg/j, for 
suspended solids, and 0.5 mg/L for phosphorus. A 

■ • • . ft 

7.6ji4 Costs ^ , ^ 

• •■ • . ' " . 

^ t 

The^ cOTistruction cost for the Muskegon wastewater treatment system was 
$42.7 million, of which ^$12.0 million was for collection (force mains 
and sewer Tines), and transmission (pumping ^nd Tift stations) [13]. The 
net operating costs for the total wastewater treatment sy stern (Muskegon 
and Whitehall sites) incurred during the ,1975 season^ was $1 232 000. 
Gross operating costs by system component and revenues gained are 
presented in^Table 7-22. . - ^ , , j 



Operating experience based on observations of storage lagoon treatment 
performance has shown, that the .actual, Biologic?! treatment system' was 
overdesi.gned. . It has been demoiistfiteds that proper treatment ^hdn be 
obtained by running a small e> percentage of the aerators [V2]. This 
has 'resulted in. reduced operatind^ costs for aeration. As ^additibjial 
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cost-effectiveness measures of .this nature become appareilt, 
, reduction in net operating costs can be/ expected. , • 



fur.ther 



■ ^- TABU£ 7-21 ■ 

*. 7 ■ •■« ■ 

SUMMARY OF TREATl^ENT PERFORMANCE, 
• 1975 AVERAGE RESULTS, 
* MUSKEGON mOJECT [11]^ - . 



Par;ameter 


/ 


Averag^ storage 




Mpsqij.ftb 




Influent 

7 • 


'lagoon /effluent 


Drain tiles 


Crepk 




fc , ■ « 

BOD 


' ■■ / 
205/ 




1,2 


3.3 * 




pH, units. ■ 








7.5 




Specific conductance, umhos- 


1 049 


; 82^ . 




574 




' Total solids ^ 


1 a93 • 


1 

! .691 ^.^ 




466 ' 




^ Suspended solids 


249 


' ; '20 .. ' 7 
■ 'll8 




7 ; » 




•. tOD / y 1^ 


545 


' 33 




TOC / - 


ro7 . 


. ^ 


11.6 ■ 


.15 




Ammonla-N 


'6/1 . 


2.4 , 


: 0.2$ . 






Total Kjeldahl nitrogen 
* Nl trate-N '* ^ 


^ Trace 


.1 


• >•..• . 






2.2 '^r ' 


1.9 ! • . 




Votal P 




lv4^ 


...... 


o.oS : / . 




Chloride 


182 


* 154 


. 60 


78 1 . 




Sodium 


166 


1 44 ' 




Do \ 




Calcium 


73 


. 58 . • 


72 


61 . X 




- Madhesium . • 


' ' 14 


16 


23 . . 


18^ ' 




* Potassium 


' ,11 


9 


2;6 ; 


4 . . 




Iron 


O.-B 


1.0' 


7.7^ 


■ ,.i ■ ; : . ■ .'; 




' Z^h 'c 


a. 6 


OJl "' 


\ o.of 


.0.07 ' 




Manganese 


rO.28. 




r 0.20 


0.11 / 




Tota> col i forms, 




- 100-1.2x108 








colonies/100 mL ; 




<1-170 


<l-9:6xl04 . 








Fecal coliformij) 










^ c^olonies/lOO mL * / 




4-1.2x10^ 


<l-32 


<l;4.8xl03 










Ffical streptococci , >( 










colonies/l-OO mL . 




. /2-3.8xl03 ' 


. <l-47 






' . \ 1- — . A : 








a. mg/L unless otherwise noted. 
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7.6.5 Monitoring . ^ ' > * 

Operation ■ of the Muskegon"^ wastewater 'treafeneat; system includes an 
extensive monitoring program to determine the efficiency of the system 
and to ensure that the qua! ity of the -discharged water meets present 
discharge standards-. Tl^e monitoring prograrti at Muskegon is designed to ~ 
evaluate 'influent, .biolbgical treatment, storage, postchl ori nation, ' 
postirrigation,' lagoon ^eepage, groundwater,* surface water, soil, and ' 
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23^ 



crop characteH sties. „ Samples- are taken for chemical ami biological 
arralyses once or twice daily at each step 'of the treatmeny process. On 
a weekly basis, a total of 2 883 samples are anal yzecy fan one of 25 
wastewater- constituents [11]. In csddition, groundwater is sampled 
monthly to twice yearly from oyer- 300 wellsrfor analysis [13]. This, 
Inassive- monitoring program requires the services of njne laboratory' 
personnel and the results, . thus far. have been ttiat no^-Signific&ht 
effects on the groundwater of' surface water" of the area have occurred. . 



S 



J 
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' TABLE 7-22, ; • 

OPDRATING COSTS 
N WASTEWATER SYSTEM, 1975 [13]. 



l acre = 0.405 ha 
1 (t/1 000 gal 
1 Mgal/d = 43 



7.7 St. Charles, Maryland 



7.7.1 Project Descrl 



This slow rate woodlands 
the \ new community of appr^ 
eastern Maryland in 1965 



ERLC 




and History 



431 000 
191 000,.. 
475 000 
474 000' 
236 000 - 
77 000 



Operating coits by component 
Collection an0 transmits i or 
Aeration, and storage 
Irrigation and drainage 
Fanning . * 
Laboratory and monitoring 
Other 

Subtotal/ Muskegon 
Total. Whitehall 

Total, gross operating ■' '/ 

V ... ■ ■■ - . / 

Revenues . ^ / 

Crop • ! ■ y ■ 

Corn U 500 acres x 60 bu x $2/58/bu) 
• Wheat (270 acres x TOl bu x:$3y10/bu) 

Laboratory services / 

"•.Total ^ ' ^ I ,. / 

Net operating cost / 

unit operating cost, (t/1 000 ga/l^ " ' . 



$1 ;884'000 
62 000 
$1 946 000 



$ \ 698 OOd^ 
.8; 000. 

^ '8 000 

$" 7^4 OOP 

$1 232 000 ■ 

12:5.^^ 



a. Based on an average (flow bf 27 Mgal/d. Does 
not include debt retirement. ! 



r 



was devel oped as^ a private uti 1 i ty for 
mately 8 ^ people, of St. Charles in 
consist^. of preapplication by aerated 

299 , ^ . 
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^ lagpofvs^* itora^e, ahdf^prinkler appVicatloniof^^^a^^^ 0.6 M|bl/d^, 

(26 L/s) in a wooded area ^see. table 7-23>. The land application*/ • 
portion of the system .ha? b^en l^perated primarily as a^ means of di sposal 
with little . attention'; gi^ to either-'^eatment performance or crop- 
production benefits/ / ; 



r : . TABLE 7-23 . ' 

DESIGN FACTORS, 
c5t. ■ GHARkES, .MARYLAND {3, 14] 



. Type of sys'tem ^ ' . 

,.pAv^'flow,,Hgal/d . - \ ■ 

' Type of W;^stewater * 

Preapplic9t1on, tre^tmeiTt 

■ infection . ' < 

Storage ■ 
./ Capacity, Mgal 
Time, d * ' " 

Field area, acres , , ' . 

Crops-'' y . -> ■ - , 

Application technique 

Routine monitoring' . , 

Buffer zones * . . " 

Application. cycle . r 
. - Time .on.,. Jj: 
Time bff , d 

' Annua'l application rate,, ft 

flyg weekly application rate,-' in." . 

Av^ annual precipitation, .iri. - . 

Avg annual evaporation, ip. ^ : 

Capital costs, S/acre^ . 

^Unit operation and maintenance. 
;costs, (t/1-000 gal * 

a.. 1966! " / • \- 

1 Mgal/d =43.8 L/s • ' 
1. acr€ = 0.405 ha . . 
•1 ft = 0.305 m V ' • , . . ; 
1 in; = 2.54 cm ; , ■ ■ 

V$/alcre = $2.47Vha ' V 
1 (t/J 000 gal = 0.264 (t/m^- . 



Slow rate 
'<b.6 

Dpsestic . 
. Aerated lagoons 

• ,'Yes • • ^ ■'; ■ 

■90 , . ■ . 

150,' 

67 

Wooftd field (oakrpine) 
Sprinkler (surface pipe) 

No . ' . ^ 

; Provijded; but not required. 

• ■ ^ ' ' ■ 

"10 

2-3.5 

.40 , . ^ 



.,. I. 




The decisis to build a land appl ication system rather than a surface 
discharge system was based; on the availability of ample undeveloped land 
in the. 8 000' acre (3 250 ha) St. Charles plot. Soil conditions appeared 
to be f avorabl e wi th 1 oamy sand the predomi nant . sbi T , byt 'depth to 

(^rouhdwattfr- is .-only 5 to 6 ft (1.5 tp 1.8' m). -The two major 
alternatives were either: (1) a. 5 to 6 mile .(9 to IT- km) Interceptor to 

<the Potomac River at a cost of approximately 1$17 million, or (2) a 
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surface discharge, to nearby Zekiah: 'Swamp, . which was; declare'd 
environmen tally unacceptable [3]. - * ' A 

- *. ■■■ ■• ; '-'tA: . : ■ ■.; , ■ ' •-. ■ " - ■ ■ -'h- ■ , :/ 

At this .time, the 'Charles County, 'fenitar^.ommission and 
Prince Gep'rge* s County are constructing an interceptor and regional , 
treatment :;: plant in the Mattawoman Creek basin. Plans (1976) 'call for 
St. Gharlei to join this system when completed, abandoning this. site. 

.. 7.7 ^li- Design factors \ * ^ ;^ 



The: preapjili cation treatmeRt originally consisted of an oxidation pond . 
system c^yering approximately 10 . acres (4 h{i). The"combin?ition of 
preapplicllftion treatment and • storage ' lagoons now totals 40 acres (16 
ha) , andfv'Six floating aeratcirs have^ l)een. added to the infTuent cells. /" 
Effluent liuality from the lagoons averages about 40 mg/L BOD andi'75 mg/L' 
suSpendecf-.solids [15]. The e/fluent is therr-chlorinated to 20 MPNAIOO mL 
fecal goIj forms (maximum.aljlowable by State of Maryland). • . " 

■ ■ '. ■ ■ ■ . ■ :■. ^ ' 

The lanct application system consists' Qf;ll woodland plots which arj^^- 
sprinkledl' independently • Because wastewater disposal has;, b^ie^! 
ejnp1iasize|l pver treatment or tree projlucti.on, only enough field area 
^b#6n devi^loped to preclude ponding , and runoff. Thet plots receiy.ei 
^differing!, application rates^. ' dep^ndi n£ ;. pn their ability to take the 
•water. ^ . |r , \ . < . i.: ; 




Abovegroun(|(: aluminum pipe;/'is^;used for the distribution. system. The 6 
in. ;ilS cm) ; diameter distributipn... mains are design6^^ to discharge the 
effluent when pressure - is released, thus providing cold weather 
protection. The 2 in. '(5 cm) 'laterals are supported above ground so 
that they . wiM drain back into the mains; this* ^ippears to have caused ^ 
problems in that they are easily knbcked over by deer. Sprtrtkler 
spacing is mostly 90 by 80 ft (27 by'24 m), which seems to produce 
adequate distMbution coverage: at ^ 40 .lb/in.2 (28 ?J/cm2). The J- 
sprinklers aiee * primarily the ' impact type i although it. has been found 
hat the stationary umbrella- type sprinklers reduce tree ic^ng. 



Buffer - zones w6re. riot specifically required for the system, although 

adequate buffer'ing .is provided by^the secluded nature of the site. The 

nearjest structure, , is approximately 0.^5 mile (0.8 km) and the nearest 
well is approximately 1 .5 miles (2.4 km) [3]. 

7.7.3 Operating Characterrstics 

The system has continued to perform adequately for. the purposes 
originally intended.. Operation is straightforward and requires- a 



^minimum of control., A <irew of two workers and a supervisor operate the 
System in additior^to their other duties, and usually: vistt the site 3 
to , 5 times- per day. Pumps; and • distribution. . lines, are manually 
control 1 edv ' Decisions regarding ' applic'ati on periods and. cycles are 
based on. visual appearainces oT-the fi^J^ds. 

The grbuncfwater. tabVe^has "Visen significantVy throughout most of the 
site and is at ojc^near the surface in many areas tl^]. In many of these 
areas, jthe • ori'^inal , tree 'species have*een replaced by pokeweed as a 
result of the high groundwater. . * 



7.7. 4 Mon i to r i rig P r og r am 




Operational monitoring of the lagoon systems at St. Charles has been 
reported, but the land applicatioji portion of the systenr has not beeff 
closely monitored. A research project Is currently being conducted 
through a combined . effort by the Departments of Agricultural 
Engineering^ Agronomy, Botany, amd Civil lEngine^ering at the University 
of Maryland [15]. The pstudy program hopes to provide information on the 
fluctuation of groundwater levels, the effects on 'water quality in 
groundwater and nearby water courses, the fate of materials applied^ and 
the effects of vegetation. . , / 



7.8 Phoenix j Arizona 



History " 



Rapid infiltration of municipal wastewater at Phoenix, Arizona, started 
in 1967* when the U.S. Water Conservation Laboratory, in cooperation with 
the Sal t River Project and the City of Phoenix, constructed theTlushing 
Meadows experimental pilot project. The. Flushing Meadows project 
demonstrated the feasibility of renovating, secondary effluent for 
unrestricted ^use for ?rrigatfon and recreational purposes. Wastewater 
was applied ' to the rapid infiltration basins to* evaluate the quality 
improvement of the effl uent as it moved through the soil and the 
hydraulics of the groundwater recharge system.. The effect of basin 
management on infiltration rates was examined by altering surface 
conditions and flooding schiedules. The results for the first 5 years 
are well documented [16, 17]^ Operation of the project is continuing, 
and reports on" the second 5 year study period will be prepared in 1978. 

• ■ ■ . ^ ' . . 

The' 23rd Avenue Project, a large scale rapid'lnfiltr^tion. system, was- 
designed based on engineering criteria 'developed at Flushing Meadows. 
This project, constructed in 1974, is described in the sections which 
follow* Design factors for both the Flushing Meadows and the 23cd 
Avenue Project are presented in table^-24. 



- tfc 7-24 

DESIGN FACTORS, <v 
\ PHOENIX, ARIZONA 



23rd Avenue Project 



Flushing Meadows 



Type of system 

Avg flov^ Mgal/d 

Type of 'vJri'^water ' 

Preappll.cation treatment 

Disinfection 

Storage 

Field area, acres 
'^Crops^ 

App>ica'tion technique 

Routine monitoring ^ 

Buffer zones 

Application cycl-e, d 
. Time on ^ 
Timfe^ off ■• 

Annual. application rate » ft 

Avg annual precipitation, in. 

Avg annual evapo.ration^ in. 

Annual nitrogen loading, 
Ib/ajre 



Rapid infiltration 
rj 

'Municipal ' 
Secondary 
Yes 

Not required 

40' 

None 



Rapid Infiltration 
0.6 

Municipal. - 
Secai^ary ' ' 
Yes ' 

Not required 
1.9 

. None^. 



Surface (basin floodiVig) Surface (basin flooding) 



Yes 
No' 

3-21 
3-21 

364 

7 

35 400 



Yes 
No 

4 

10-20 

365. 

7 

70 

35 400 




a. .Severajl vegetated ^basins were experimented with, but results 
were inconclusive. 

1 Mgal/d ? 43.8 L/s 

1 acre - w405 ha ' ^' 

1 ft = 0:365 m : . • ^ 

1 in. ■= 2;i4 cm ■ ' . . ' 

1 ;ib/acrey 1.12 kg/ha " ; ■ \' " 



7.8.2 Purpose 



A need to suppTement ^ the present water resources in the Phoenix area* 
exists. The plirpose of the 23rd Avegue Projie9t is to demonstrate the 
feasibility of rapid infiltration on a scale that could partially meet 
this water needw If the initial demonstration project shows that 
wastewater can be economically renovated, the system could be expanded 
to reclaim all of the effluent discharged in the Phoenix area. A 
significant portion of the treated flow would be used for nuclear powem 
plant cooling water. The rest could >be made available for irrigation 
and an extensive, aquatic park" development (Rio Sal ado Project) proposed 
along the Salt^River channel ./ 
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•7.8.3 .Project- Description 
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The rapid infiltration site is located on the north side of the b^- of 
the^ Salt River 'and! east of 35th Av,enue. The layout of the 23rd Av6riue 

• Prooect is shown In Figure 7-15, * Secondary §|fl uent from the 23rd 
'Avenue wa'stewater treatment plant flows through a concrete chann " 
.the - site. The soil profile at 'the site is similar ta the El 

Meadows site,- consfsting of loamy/ .sands, sandj gravel, and bouldeii_ 

depth of over 200 ft (60 m) [,16]. On the basts of results learned at 
that pr.oject, infiltration rates " of at^least 2.5 ft/d (76 cm/d) were 
expected [16]. Initially, the effluent was routed through an 80 acre 
(32 ha)' oxidation pond before appl ication- to the infiltration basins. 
However, the extra det^ention time in the oxidation pond (approximately 4 
days) stimulated dense algae growths in the effluent applied to the 
Bas'ins and reduced the average infiltration .rate to about 0.5 ft/d (15* 
,cm/d). The algae remain in suspension and accumulate on the basin 
bottom as ' a cake. The algae cake does not decompose or shrink during 
drying and, consequently, the infiltratiion rate is not restored 
significantly when flooding is resumed. Pilot studies have sho'wn that 
the infiltration rate can be expected to at least double when the 
^ oxidation pond . is . bypassed, as shown in Figure 7-15, and secondary 

, effluent is applied directly to the basins. 

. At' the time of the site visit (1976), there was no reuse rfrf the 
renovated water .taking place. The electric rate for pumping -the 
renovated water initially , was higher than that of the locakiP^ri gabion 
distri'ct, thus economically; prohibiting its use.^vThe-C^^t^Vbf Pho^^^ 
has, negpri^ateB^wi th the local power company to r4ase the wells to the 
irrigation •**istrict so that it can take advantage of the lower electric 
rate.- I^solution of this problem has made the costs of renovated water 
competitive with those of native groundwater sources. 

•7.tt.4 Design Factors' * ' 

• . • ^ . ■ • 

At the time when /thfe, 23rd Avenue project is in fiill o^eratipji/ about J3 
Mgal/d (0.57 mVs) of ^ secondary effluent will be applied "to the four 
rapid infiltration- basins. The renovated water will be recovered'by a 
series of three 24 in. (60 cm) diameter w»lls (1 existing and 2 future) 
equipped with electric driven pumps Df 3 000 gal/min (189 L/s) capacity. 
The static water tableT'depth is about 80 ft (24 m). .The first well is 
200 ft (60 m) deep and perforated from 100 to ^20 ft (30 to 36 m). A 
pump discharge and collection piping system wilT be constructed to the 
, point of reuse. Two 6 in. (15 cm) diameter observation and sampling 
wells have beep constructed, one each on the north arid south side of the 
rapid infiltration basin. The wells will be us'ed to sample renovated 
water quality and monitor the groundwater level. The project will be 
operated so that the groundwater level will be the same as that in the 
aquifer adjacent to the project to preclude the movement of renovated 



water away from the site. 
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; FIGURE 7-15. ; 

LAYOUT OF THP 23RD AVENUE 
RAPID INFILTRATION AND RECOVERY PROJECT 
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7.8.5 Operating Characteristics and Performance' 



When the 23rd Avenue Project becomes fully operational, the effe(;ts of 
various wastewater cycl ing schedules, wil 1 be^studied; Inundation' and 
dry-up periods ran'gi.ng from several days,'each to several weeks each will 
be " employed. ^During inundation, a constant depth of 1 to 3 ft (0.3 to 
1.0 m) will >e maintained. Inflow and outflow will be measured to 
eva>uate ,;infil tration rate's . in each basin. Basins. will be drained a*t 
the end of inundation periods into the next basin to be flooded 'so that 
the dry-up period " can start - immediately. One ' of the four inl^t 
structures to the infiltration basins is shown Mn Figure 7-16. • 



■ 'Figure 7-i6 " ' : • ,J r 

' INLET STRUCTURE, 23f^D, AVENUE PROJECT', PHOE'N IX ^ ARIZONA 

■ .... 1 . , • 




The unconfined groundwater J;able, occurs, at a depth of; 60 to 80 ft (18 to 
24 ni) beneath the site and is continuous to a depth of 230 ft (69 m) 
where, a clay layer may be located! The percolated wastewater will move 
toward the. recovery^ wells at the. cejiter of the basins. The two outer 

»feasins will be inundated while the" two inner. basins are drying, and 
vH^versa. This wi'll provide travel distances in the range of 100 to. 
^'^^^^ (30 to 150 m) and 400 to 900 ft (120 to 300 m). which may yield 

-two different qualities of reclaimed water. 



B^ , pumping only as iiiuch reclaimed water as h^is been infiltrated, 
equilibrium^ should be established so that no floW:between the recharge 
system and the native groundwater takes place. The equilibrium will be 
thecked. by measuring the water levels in the^observation well^ ' A 
schematic of the infiltration and the recovery process is shown 
in Figure.7-17. • V * • ' ' 



The renov.ated water* from the one existing recovery well has been sampled 
and' analyzed to determine this performance of the system. Measured 
level s of BOD, SS, and fec^il ^coTifprms .have always "been far belqy^ the^ 
specified Vimit. for unrestricted irrigation and recreation use and, the 
state health departmeTit has certified ttie renovated water for these 
purposes.. Data on /the quality of renovated . water &t the 23rd Avenge 
Project are presented ,in Tabl-e 7-25 [18]. . - ' 



TABLE 7-25, 



RENOVATED-WAIER^ QUALITY . J . ' 

THE 23rd AVENUE PROJECT 1n PHOENIX, ARIZONA [16]* 



Constituent 



Average^ 



.Suspended Solids • ^0-8 
Nttrate nitrogen * . (5.7' 

Anmonia nitrogen - 0.1 

Phosphorus 0,16. 
fluoride 0.7 
Boron 0.5 
Tfetal dissolved solid? ■ 910.0 
Fecal coliforms, colonies/lOQ mL 0-30 

a. mg/L unVes-s otherwise noted. 



7.8.6' Moni tori. rig Program 

In addition to the qua! ity arid level of groundwater, the direction 
groundwater movement will also be checked., by monitoring the total 
dissolved solids concentration in the observation wells. If no native 
groundwater enters the project, the total .dissolved solids of the 
reel aimed water . shoul d be. approximately the 
wastewater effluent. > - 




same as that of the 



in offlt 



Continuous 24 hour samples will be taken o^the efflugnt entering the 
infiltration basins. / Characteristics of tTie secondary effluerft of the 
28rd Avenue Project were not .available' at the time of the site visit. 
However, the, ..secondary effluent from the 91st Avenue activated sludge 
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rendv.ated waters from the Flushing Meadows project are shown in 
Tablib 7-261 ^ ^ 

i\SJ /Other Research at the 23i^ 'Avenue ^ c 

A * special objective of the 23rd Avenue Project is to determine how air , 
pressure Ji)uildiip in the soil beneath *large infiltration basins affects 
the infiltratidn rate* The effect of basin size on air pressure^buildup 
beneath the advancing wet front in the soil will be studied ^ comparing: 
infiltration rates measuired by two methods, MeasMrements wil 1 be rffade 
with cylinder infiltrometers or by comparing small inunda tea areas, 
within the recharge basin to the infiltration rate when the entire: basin> 
is inundated. Piezometers have been installed to measure air pressures 
do*n to a^depth .of 40 ft (12 m). Reductions in infiltration rates- from 
air^ pressure buildup have proved to be insignificant for smqll Basins. 
Additional Ty, the depth of water during inundation of the basins will be 
^'Varied to reduce or^ ir^p^e hy(traulic head to determine what effect 
these factors have on infiltration rates. 

The effects of the high algae loading oh surface clogging are also being 
studied before the oxidation pond.*bypa9S channel is completed. Also, 
research^ is being conducted to deterrw^ie^ can be 

used to limit algae growth. Tensiomet;^r§,/Kave ^ installed to measure 
the : iijcrease in' hydriiQlic impedance of the surfacTs layer over time in 
the infiltration basins. 



7.8.8 Other. Research - at Fl ushi ng Meadows 



Research at Flushing Mpadpws .has de'alt with the fate of^viruses in 
wastewater as they enter the' soil- Secondary 'effluent ai^d renovated 
water^ . 'from four 'observation wells were assayed every 2 months in 1974 
for viruses during flooding periods. The number^of^virjiises /detected- in 
the sewage effluent averaged 2 118 p^er lOO litres. ^However, no viruses 
were detected in any well samples. . These results indicate 
are reduced ty a factor of at least 104 (99.99%) during percolation of 
the wastewater through 10 to 30 ft (3 to 9 m) of the basin' soit [19]. 

■ •• , ■ ' ' - /' -z- ' ' 

The-emphasis of the most recent research at Flushing Meadows is aimed at 
maximizing .nitrogen rqfnoval. Ihcreased nitroge/i removal has been 
realized by reducing the\hydrauli.c loading rate to the/basins and u:s-;yig 
optimum .flooding and drying periods. Preliminary results indicate that 
by reducing the^ annual: hydraulic loading to the baisi|is from 3b(X;ft ■ 
(100 m) to 173 ft (52 irtV, nitrogen; removal increased /to about 60% (from 
30%) and phosphate removal incre.ased to 90% (from 70%). These' values 
are from samples taken from a well in the center of th^ spreading basins 
at d depth of 30 ft (10 m) . • The ^ application sch.^dule was 9 days* 
flooding and 12 days drying. 



TABLE 7-26 



' CHARACTER I ST rC^ OF SYSTEM .INFLUENT AND ' 

RENOVATED WAT^R^ FLUSHING MEADOWS, PHOENIX, ARIZONA [17] 

Concentration, m^L' 



LOnSLitUSnL 


• System 
influent 


Flushin'g Meadows 
' renovated water 


BOO ' ' - ^ 


.15 




cob , , - ' 


45 • 


.15 


Suspended solids' 


20-100 


... 0 


Total dissoWed solids . 


1 100 


'1,100 


Total organic carbon * 


. 20 




total nitrogen^ 


.36 : 


' ^^5. " r 


Ammonium nitrogen (NH^TN) . 


30 . 


5-20 


Nitrate nitrogen (N03"N) / 


1 


0.1-7lb . ' 

• 


Nitrite nitrogen (NOg'N) . 


2 - 


1 


Organic nitrogen ' ' . 


3 




Phosphate (P04;)-phosphorus 


10 


. 0.1-3^ 


Fecal conforms per 100 mL 


.106 . 


; Qd ;. 


Viruses per 100 mL 


2 118 


. 0^ - \ .. 


pH . ^ : ; 


■7.6-8.1 


' 7.0 


Boron (B) 


0.7Sv- 


0.75 ^ . . . • 


Fluoride (F) - ' 


4.1 


2-6 : 


Sodium (Na'*') /^^ . 


200 


♦ . 200 


Calcium (Ca++) , ' ' 


82 


■ ■■ 82- ■ 


tiagnesium (Mg"'""'") 


.36 


36 


Potassium (K+)* 


' . 8 . 


■■ 8., . ■ 


Bicarbonate (HCO^) 


3^1 


' 381* 


Chloride (Cl") ' . 


213 




Sulfate (S64) 


107" 


"1^7 . 


Carbonate .(CO3) - 


0 ' : 




Cadmium. (Cd) 


. ' 0.00.8 


- ; 0.D07 / 


Copper (Gu) 


. 0.V2' 


A .V : V 0.017 / 


Lead (Pb) • \ \ * 


0.082 


t).066 / 


Mercury" (Hg) \" 


■ 0.002 


yr^: ' 0.00.1 / 


Zinc (Zn) ' \ . 


0.19' ^ 


j:! '' 6.035-0.108^/ 

■ ■ ■ ■ ■ ■ . / • 



Overall nitrogen removal during sequences 'drf long / 
flooding and drying periods was alioUt 30%. / 

Nitrate peak^* occurred when flooding was resumed after 
long dry-up. periods as a result of incomplete /. 
denitrifi cation. * ■/...>■ 

Pho*sphate removal increased wl.th t|je 



d. 



underground 
travel time. : ^. : • 

Fecal col i forms were between 0 and 20.0 per 100 mL 
, in water sampled at 30. ft below the basins. , , 
Renovated wastewater from a well 200 ft away frbw 
the basins had zero fecal collform count. / 

High zinc level may have been, the resu its* of usi ng/ 
galvanized plumbing in; sampling wells. ^ ^ 



/7.9 L^ke Gedrge, New york > . 
. 1.9.} History , 



Lake George, located In the eastern part of 'the State of New York, is a 
recreationaV lake. 32 mi (52 km) long and from 1 to 3 mi (1,6 to 4.8 km) 
wide. . The discharge of any w^astewaters^ treated or Untreated, dijrectly 
into th(| Take or into any tributary thereof has been, strictly prohibited 
for at Teast 90 years. This has preserved the pristine quality of-j:he 
lake which is still used as a public drinking wafcer supply with no^ 
treatment other thaif chlor>nati on. 



vnation. ^. 



'"^Y the. late 1930sV Lake George yj^lage, located at the southern end of * 
the Take, ha4 grown large enbugh to require a:wastewat€r treatment 
plant. Since septic tank systems had ^been aTl-owed, the regulation 
restricting Jthe discharge of wastewater into the drainage basin area was j| 
.interpreted to mean surface discharges. . . Thus, > It was 'decided that 
discharge into the soiT would be a satisfactory meansyof <11sposal of the 
treated, effluent from the. proposed wastewater ^treatment plant. . 

. Although most of - the Lake George rwatershed is underlain by rock 
^^nslstlng of pre-Cambrian gneisses^ a small natural delta sand deposit 
created by outwash frdrri tfie receding glaciers, was discovered, at the 
southwest corner of the\Lake George VII Tage area. Advantage was taken 
of this mass of delta, sand and the wastewater treatment pi ant was 
constructed at this location to utilize this., sanb as*; a rapid 
infiTtration area for the secondary effluent. The original treatment' 
plant was completed and put into operation -in 1939 aad has been iJl 
contiguous . operation ever .since. Design factors for the rapfd^ 
infil trati'dri system are presented in Table 7-27. "A view of a. rapid 
infiltration basin is shown in Figure 7-18. During the winter iee-forms 
on the basin surface (Figure 7-T9) and the applied wastewater floats, the 
ice and irifiT trates "into the sandy. sdiT. ' * \ ■. ■ 



7.9.2 -Project Description 



That Lake George Village wastewater treatment plant receives wastewater 
from two force mains, one from the Village and one from the Town of Lake 
George. There are five pumping stations, including two located in town 
which lift the wastewater approximately 200 ft (60 m) from the 
collection point at the lake to^the treatment plant. Primary treatment 
is provided by one; circul^ir Imhoff tank arid two mechanically cleaned 
circular Clarigesters (similar to Imhoff tanlcs), all operating in 
parallel. ; Secondary treatment consists of two/ high-rate rotating arm 
trickling filters and one covered standa.rd-rate fj^ed nozzle trickling 
filter. The latter is used exclusively in the/winter and is covered to 
prevent icing of the sprayed wastewater. Secondary sedimentation is 
accomplished by two rectangular and two circular settTipg tanks': . After 



34 



.secondary sediment^tionr t|ie unchlori nated effluent is passed pnto the 
natural delta sand l)eds for. infiltration into the soil. At present, 
there ane -14 north and 7 ?outh sand beds. Sludge from the secondary 
settling, tssmks is returned tp the CI arigesters,- an^ digested sludge is 
.'applied to -3 sludge 'drying beds. The general layout of the treatment 
plant , and the location of the sand beds and sampling wells are shown~in 
Figure 7-20. * 



TABLE 7-27'* 



' >DESIGN' FACTORS', 
LAKE GEORGE, NEW YORK 




Type of systentv • 

Avg flow, Mgal/d *■ ' 

Type. of wastewater 
Preapplication treatment. >■ ' \ 
Disinfection ' •» 

Storage 

Field area, acres 
Crops 

, Application technique 

Routine monitoring . 

buffer zones 

Appli cation cycle 
Time on, h ' 
Time off, d . 

vg annual' application rate, ft 

Atg annual' precipitation, in. 

Avw annual evaporation, in. 

Avg'nltrogen loading, lb/acre 



Rapid infiltration 

1.1 (summer) . 
.0.4 (winter) . 

Domestic 

• Secondary 

\\o 

None 

5,4 ■ ' 

None . - r"' 

Surface (basin flooding) 

No ^ ' . 

No 

8-24 :* 
4-5 (summer); 5-10i (winter) 

140 . ' . , 

34 . _____ 

25 

6 700- 



1 Mgal/d = 43.8' L/s ' 

1 acre = 0.405 ha 

1 ft = 0.305 m . 

1 in. ^ 2.54 cm 

1 lb/acre. = 1.12 kg/ha 



7.9.3 Design Factors 



It is. estimated that the Lake George Village wastewater treatment plant, 
with a design capacity of 1 .75 Mgal/d (76.7 L/s) , presently serves a 
population of approximately 2 100 in the winter and 12 300*1 n the summer 
[20]. In 1965, the. plant underwent ipajor expansion with the addition of 
eight sandTreds, and in 1970 one additional bed was put on .line to bring 
the total to 21. ' The 'material in the beds ranges from coarse, to fine 
sandr with a few beds having some clay content. Depth to water tatfle 
and bedrock varies, but is generally deeper in the old north sand beds 
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than in the new south sand beds. Well points driven in bed 11 of the 
north sand beds have found the water table to be at a depth of 
-^ approximately 65 ft (20 m) below the surface, and bedrock to, be 
ir^appr^^ 90 ft (27 m) bel<)w the surface. The sand beds vary in 

size, ranging from 0.16 acre to 0.42 acre (0.06 to 0.17 ha), and combine 
for a total surface area of 5.4 acres (2.2 ha) [21]. 

> . • . • " . . ■ ' . ■ 

The -unchlorinated secondary/ effluent is discharged onto the natural 
delta ssind beds by surf accf flooding. In order to preveat erosion of the 
sand at the point of discharge, concrete splash pads with brick baffles 
are provided. Individual sand beds are dosed by adjusting the gates 
wit^iin the distribution chambers. The beds haive 3 -to 5 ft (I to 1.5 m) 

. dikes , around them, and> each bed has a control valve for individual 
fVooding. The 14 Tower (north) beds are fed by , gravity, while* effluent 
from ""the secondary^ settling tank must be pumped up to the 7 upper 
(south) beds. A float contro] in the wet well automatically operates 
the intermittent pump. 

• ■ ' ■' • • ■ , ■ ■ .■ • ' .* 

Vertical movement of the infiltrated effluent through the sand ranges 
from 15 to 75 ft (4.5 to '20 m), depending on the sand bed and the 
season^ Horizontal underground movement is approximately 2 000 ft 
;(600 m) before the renovated effluent emerges as. seepage near West 
Brook, a tributary to Lake 6eprg6. 

7.9.4 Operating Characteristics and Performance 



.Normal weekday operation of the sand beds is "to dose one north and one 
south bed with 8 to 10 in.^20.4 to 25.4^ cm) of effluent over an 8 hour- 
period during the day. A similar pair of beds are floodied throughaut 
the remaining 16 hours. On weekends, two north and two south bedswt- 
dosed for a period of 24 hours each. During the high flow. months of the 
summer, more than 2 beds are flooded at-aT time. 

■ ■■ . / ' V * I , • •• ' 

• . c .... •■ ■ 

" ■ . I " ■ ■ ' " . 

There IS no set schedule as to which rapid infiltration bed will be u§tsd 
on any one day. Plant personnel make daily decisions based on visual 
; inspection of the status of the beds. Most of the sand beds^ dry in 1 to 
3 days. GeneraUy,^ the beds are rested for 5 to 10 days prior to the* 
next application. The frequency of application increases with the 
increase in flow due to the influx of tourists' during the summer months. 
\ During the peak flows of Atigust, it is often necessary to flood the sand 
\ . beds before they have fully dried. This practice .,1s avoided if at all 
\possible, as the- surface of the beds oiust remain aerobic order to 
festore, the renovative capacity of the system. 

^ ItXhas been found that the rapid infiltration basins perform well and 
clo^ slowly under conditions of 1 day dosing followed by several days of 

' . dryin^g. The rest period, providing complete or partiaV drying, has a 
renewing effect on the^ infiltration capacity of the -sand beds. In 



addition, the sand beds are occa-s+cJnally reconditioned' by raking or 
scraping the surface. The top few centimetres of sand are riemoved, 
which include a mat of algae and other organic material, and the sand 
bed^. is regraded. This cleaning operation is. general ly restricted to 
sprfng or autumn, when we§ither is mild and flows are not at a peak. 
Weeds^ are removed for aestheti(5 purposes. There have been no serious 
problems with; the operation of the sand beds. ' 

Application continues year-round without storage, regardless of severe 
winter weather. In wi^iter, part of the water freezes and forms an ice«^ 
layer which may attain 1 ft (0.3 nv) in. thickness. This does not 
interfere with the operation. The warm effluent flows under the ice, 
siirtul taneously melting the ice above it, and. the ground below it, and in 
effect, floats the ice layer. The ice is actually^beneficial to the 
process., as it serves as an insulating layer for the soil surface. • 

' ^ ' . ' ' '■ ■■ ;* • ■ ■ ■ ■• • ' ■ ■ 
7.9v5. Environmental Studies 



In an effort to evaluate the environmental effects of the Lake George 
Vjllagfe wastewater treatment pi ant, numerous studies Jiave been conducted 
by Rensselaer ' Polytechnic Institute, the New York State Health 
Department, and the New York State Department of Environmental 
Conservation, The Rensselaer Fresh Water Institute was organized and 
studies were. begun in 1968. A number of well points wene placed in the 
sand ' beds^^nd at the periphery of. the treatment, plant gTfounds,^ as shown 
in Figur,ew-20. Two additional well sites are located between the sand 
beds and W»t Brook and one is loca|;ed across West Brook. 



^Analysis of water samples from the wells has shown that there is almost 
comglete removal of BOD, coliforms, ammonia nitrogen, and organic 
nitrogen in the top 10 ft (3 m) of passage throffgh the sand beds [22]. 

-Ammonia Snd organic nitrogen are converted to nitrate-nitrogen and, at . 
least partly, the- nitrate is reduced to nitrogen gas by denttrification. 
Phosphorus removal is a'function of th^ frequency of sand bed use, with- 
a bed in constant use having considerably less phosphate removal than an 
infrequently used bed for the same distance-.of downward percoTatidn. 
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A resistivity survey ^has indicated that the -most probable di recti on^ of 
flow of the -wastewater discharged, onto the sand beds is northerly along 
Gage Road toward West Brook [23]. The seepage which occurs above and 
below Gage Road is tributary to West Brook and^Has been estimated 'to be 
approximately 0.6 Mgal/d (26 L/s), or . 10'^ of the total, flow of 
West Brook [24]. ' 

-Water quality data of the plant effluent and seepage above Gage Road and 
•y^^t Brook are given in Table 7-28. The water which emerges from the 
gfrolind in the area of, West Brook contains considerably higher 
concentrations of* dissolved ""solids, alkalinity, and chloride than the 



TABLE 7-28 ; 

WATER QUALITY DATA, SEASONAL MEANS, 
. . ^ LAKE GEORGE, NEW YQRK [25] 



Temper-Dissolved Dissolved 
atune, / oxygen, solids, 

i: mg/L mg/L pH 



Plant effluent 
applied to 
sand beds 



Smer 
Fall 
Winter 

Seepage above 
Gage Road 

Spring 
Summer 
Fall 
Winter 

West Brook 
downstream 
of seepage 

Spring 
- Summer 
' Fail 

Winter 



-Total* . 

Alkalinity, Nitrate- Amnonia Kjeldahl Soluble . Total 

mg/L a$ * Chloride, - nitrogen , nitrogen, nitrogen, phosphate, phosphorus, 
- CaC03' mg/L mg/L mg/L mg/L' ; jig/L pg/L 



13.0 


5.3 


■r 177 


7.2 


96 


- 44 


-22.4 


• 2.1 


.^24 


6.9 


218 


46 


10. a' 


4.5 


197. 


. 7.0 


93 ' 


•32 


4.5 : 


■ 6.8 


234 , 


7.0 


J09 


: 52 













1.8 
1.6 
3.5 
1.1 



3.8 
15.9 
3.0 
5.1 



8.0 
18.4 

9.1 
12.5 



10.? 


10.3 


160 


7.9 


106 


37 


2.3 


0.0 


0.2 


T4.3 . 


8.2' 


173 


7.8 


99- 


49 


1.6 V 


0.0 . 


0.1 


8.9 


.10.1 


220 


' 7.9 


111 * 


42 . 


3.5 


0.1 




.4.8 


. 11.-3 


212. 


7.8 


118 


, 40 


3.8 • 


' 0.0 . . 


"o!i 


'a 


• 








■ 









750 
950 
700 
488 



8 

14. 
<2 
10 



10.7 


11.0 


85 


7.4 


35 


.15* 


0.7 


0.0 


• 0.2 


1 


12.6 


10.2 


120 


7.8 


€8' 


29 . 


1.8 . 


0.1 


0.1 


3 


8.0 


11.5 


93 


7.5 


/• 56 . 


25 


1.5 


. 0.0 ^ 


0.0 


1 


2.0 


13.0 


79 


7.3 


39 


14 


0.6 


0.0 


0.1, 


2 



1-555 
3 950 
1 650 
1 425' 



16 
.16 

10 



6 
3 
2 
6 



318 
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natural groundwater in the area. This is evidence that the seepage does^ 
in fact originate from wastewater effluent. From the data, it can be 
seen that the total phosphorus content of the applied wastewater is 
reduced by greater than 99% in its passage through the approximately 
2 000 ft (600^m) of sand' before ft emerges and runs off into West Brook 
and uHimately i^to Lake Seorge. It also can be seen that the applied 
ni.trogen is oxidized to nitrate prior to its emergence from the ground. 
The. nitrate content of the seepage is about 1 .6 to 3.8 mg/L and 
increases .the nitrate content of West Brook. However, the nitrate- 
nitrogen concentration j'n West Brook downstream of the seepage is about 
0.6 to l.b mg/L, which is well below the EPA drinking water standard of 
10 mg/L. . ' . 

Based on numerous studies and extensive sampling and. analyses, the land 
treatment system at Lake George is doing an adequate job of purifying 
the wastewater to a drinking water quality [22]./ The soil system is 
satisfactorily removing essentially all of the phosphorus and . is 
providing a nitrified effluent which appears to have no deleterious 
effect upon the quality of Lake George., 



7ilO Fort Devens, Massachuse.tts 



7.10.1 History _ ' ' / 

Fort' Devens is a U.S. Army military installatron located in the Nashua 
vRiver basin about' 32 mi (52 km) northwest of Boston, Massachusetts. A 
rapid infiltration system ^at Fort Deveris has received ah unchlorinated 
primary sewage effluent for over 35 years. The 'total population and 
wastewater flows have fluctuated over the years,, but are presently on 
the decline. In T973, the daytime population was ^about 1 5 .000 of which 
10 400 vere permafnent residents ,[26]; whereas the 1976 population has 
been estimated to be 10 000 and 7 000, ^«esQecti,vely. Thejjresent 
wastewater treatment facility has been providing continuous service 
since its construction in 1942. Seletcted design factors are presented 
in Table 7-29. 



'7.10.2 ''Project Description and Design Factors 

The Fort Devej^js wastewater treatment facility has a design -capacity of 
3.U Mgal/d .(131 L/s) , but has been ^receiving from 1.0 to 1.3 Mgal/d (43 
to 57 L/s) for the last several years. Comminuted, degreased wastewater 
is pumped from a central pumping station to three Imhoff tanks which 
provide primaVy treatment. Settleable solids accumulate on the bottom 
of the Jmhoff tanks afld-^re withdrawn to sludge drying beds. in April and 
in November of eagfe year. These dewatering beds are underdrained and 
discharge to an a-djacent wetland area [27]. 



TABLE 7-29 

DESIGN FACTORS, 
FORT DEVENS, MASSACHUSETTS 



' Type of system ■ ♦ . " , 

Avg flow, Mgal/d 

Jype of .wastewater 

^ Preapplication treatment , 

Disinsection 

' Stprage 

Field area, acres 

'Crops ; 

Application technique 

Routine monitoring 

Buffer zones. 

Application cyclj, d 

Time cm ^ 
. Time off 

* 'Avg annual application rate, 
1960 to, 1973, ft . 

<S- Avg annual precipitation, in. 

. Avg annual evaporation, in. 

AnnuaLj nitrogen loading, lb/acre 



Rapid infiltration 
1.3 ■ 
■ Domestic ■ 
Primary (Imhoff tank) . 

^*NQt required' 
16^6 

None (weeds) " 
.. Surface (basin flooding) 
No 



■A 



No 
2 

14 

.94 



44 

"26 

11. 2ocr 



1 f^dgal/d = 43.8 L/s 
1 acre = 0.405 ha 
1 ft = 0.305 m 
.1 in. - 2.54 Cm 
1 lb/acre =1.12 kg/ha 



Final treatment of the un.chl drinated primary effluent is'achieved by 
discharging to 22 rapid infil tration^ basins. These 22 basins provide a 
total fielciarerof 16.6 acres (6.7 ha) or an average Df 0^76 acre (0.31 
^ha) per basin [28].', They are. sHuated on the top of a steep-sided hill, 
composed of a 200 ft (60 m) thick layer of. unconsolidated stratified 
sand and- gravel deposited J)y receding glaciers ♦ This flat, oval-shaped 
hilltop rises approximate-ly 70. ft (21 mKabbve the floodplain of the 
Nashua River. C26]. , The soil formation in whieh/the treatment beds were 
constructed is primarily ptforly , graded sarids or gravelly sands with 
interspersed .lenses of silty sand and sandy' gravels. Particle, size 
distribution differs appreciably between the' various soil horizons in 
the beds. \ The layout of the .Ejort Devens land treatment facility is 
schematically diepicted in Figure /r^;tv . 

• • ■ if ■ ■ ■ ■ 



7no.3 . Operating Characteristics 



Effluent is distributed within eaph treatment bed. by discharging onto a 
tapered concrete trough with slotted wooden splasJjboards, as shown in 



Figures 7-21 and 7^22. A view of sevieral grass-covered basins 'With 
accumulated organic material on the surface i> shown in Figure 7-23V 



,Under normar operating conditions, the application cycle consists of ■ 
flooding three treatment beds concurrently with efflfjent for a 2 day . 
period,' the.n allowing a 14 day 'recovery or dry-up peripd. On a yearly 
basis, eactKied;receives effluent for a total of 52 days [27]. 

After the 2 days of flooding, effluent has normally accumulated on ther 
surface of the beds to a depth of 0)5 to U6 ft (15 to 50 cm). This 
standing water infiltrates the beds within^he initial 2 or 3 days of 
the recovery period, restoring aerobic conditions to the surface of the 
beds. Winter conditions, while reducing infiltration rates somewhat, do 
not interfere with normal operations. The effluent is sufficiently 
warm, 46 to 54**F (8 to 12**C) duri^ng the winter to melt any accumulated 
ice and snow cover and to infiltrate and move through the sand beds/ 

Operation of the Fort, Deven^s^ rapid infiltration basins normally involves 
no routine ' maintenance. Solids build up on the surface, dry and'^crack 
during the recovery period, and are degraded under the prevailing 
aerobic conditions. During the summer, the sand beds have a good stand 
of naturally occur/ring^ annual grasses and weeds (see Figure 7-22 and 
7-23)- No attempt is made to , remove this, vegetation as there is no 
apparent detrimental effect. However, renovation of- the*bed -surf ace has 
been performed. TKis renovation consists of excavation to a depth of 1ft 
(0.3.m) depth to 1.5 to 4.0 ft (0.45 to 1.22 m) in order to remove aJ^ 
an area adjacent to the treatment beds. The exposed surface is 
scarified or raked prior to teptacement of the excavated material. It 
should be pointed out that this renovation procedure is not required 
very often. The only cleaning operation was completed in October 1968 
[26]. At this time it was necessary to excavate below the. specific 
1 ft (0.3 m) depth to 1-5 to 4.0 ft (0.45 to'1.22 m) in order to remove a 
tarlike layer about 1.5 ft (0.45 m) thick which had formed below the 
surface of the beds. Since the discovery of this tarlike layer, there 
has been more sj^rveil lance of the dunjping. of oils and grease into the 
system. Greiase traps, installed at various locations in the collection 
system to remove kitchen grease and fats and various oils from the 
wastewater, are cleaned more frequently, and the materials collected are 
deposited in sanitary landfills [27]. 

Normal ^operation and maintenance of the Fort Devens treatment facility 
is carried out by two fiiil -time employees. The application of daily 
flows to variou^ combinations of* treatment beds is based on the 
continued capacity of the beds to accept the effluent and from 
operational experience developed over the years.^ 



' FIGURE 7-21 



. LAND .TREATMENT SYSTEM. FORT DEVENS. MASSACHUSETTS 
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biSTRlBUTiON CHANNEL INTO RAPID INFILTRATION BASlN, 
, , FORT DEVENS, MASSACHUSETTS 




'•-i*V . • 






FIGURE 7-23 

GRASS COVERED INFILTRATION BASINS, 
, • FORT DEVENS.-MASSAQHUSETTS ; 
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7-64 



7.10.4 Treatment Performance ; - * , : 

' .. . . I. • . ■ . . ■ ■ ' ■ ■ ■ : o 

During 1973 and 1974; the U.S. r'Ann^^ Research and 

Engineering Laboratory^ (CRREL). conducted extensive studies- to determine 
the effectiveness of the rapid infiltration basins at Fort Devens to 
renovat? qnchl ori n»ted primary sewage effluent, Groundwater quality 
beneath the application site and the surrounding -area was monitored by 
collecttog and analyzing bi-weekly samples from 21 observation Wells 
(Figure 7-21) . . Results-of the chemical and "bacteriological analyses of 
the primary effluent and" selected observation wells are siimmari zed in 
'Table 7-30. • . . 

Analysi s^ of the data has proved that the rapid infiltration system 
serving Fort Devens is treating unchlorinated primary sewage effluent to 
a quality comparable to that achieved by conventional tertiary 
wastewater treatment facilities. The treatment basins were found to 
greatly reduce the levels of BOD^ COD, organic and ammonia nitrogen, 
phosphorus, and total . col i form - bacteria in tlie applied efffuent. 
Although most wastewater cohstituents were Increased in the native 
groundwater, the quality of the groundwater peripheral to the treatment 
sites continues to meet EPA. drinking water standards ,WthRthe exception 
of nitrate-nitrogen and coliform bacteria. ^While fg^ col i form 
determinations proved negative, total col ffonns showed a melrrr value of 
200 per 100 mL in the peripheral groundwater wells [26]. / ' 

7.10.5 Research Studies _ 

. In^ 1974, further studies by CRREL: were undertaken in an attempt to 
optimize nitrogen removal. The objectives were to remove greater 
amounts of nitrogen by management of the treatment system to enhance the 
nltrification-denitrtfication^rocesses. In an effort to achieve this, 
the application cycle _wars modified fcom inundating 3 beds for 2 days 
followed by a 14 day recovery period, to inundating, 9 beds forT^ays 
followed by a 14 day recovery period. Results of this study have shown 
that an increase in inundation period continued to renovate the primary 
effluent to a degree comparable to before-. The totar'nitrogen levels of ' 
the jgroundwater continued to be 20 mg/L. However, when the treatment 
basins were inundated for 7 days, the percentage of total nitrogen 
removal was greater than when the basins were inundated for 2' dayk. By 
increasing the inundation period, total iiitrogen additions; were 
Increased by .54% from about 32 to 50 lb/acre- d (36 to 55 kg/ha- d).- 
Although total nitrogen^additions were larger' during the 1974 study a 
proportional increase :in groundwater nitrogen levels was not observed 
indicating - a greater' percentage of nitrogen removal. However, after 6 
months of increased inundation period, the infiltration capacity had 
been, reduced so mugh that the basin surfaces were still wet at the 
beginning of the next cycle of inundation and recovery. This gradual 
decline in the basin infiltration capacity over several months was 
attributed to clogging of the surfaces of th^ basins by accumulating 



organic matter.. It was found that an occasional extended recovery 
period of "60 consecutive days will , rejuvenate the infiltration capacity 
of tfie treatment basins so .that the 7 day applicat1on714 day^recOvery 
cycle can o'nce again, be usedA The restoration of infiltration capacity 
during^the extended recovery period is -attributed to the aeration of the 
surface and' the subsequent oxidation of accumulated organics [29]. 

■.■ • ■/ • .. ■ ■ ■■■■ ■ ■ . ' . " • 

■ .' I \ • * TABLE 7-3(r- - ' ' 

. CHEMICAL-AND BACTERIOLOGICAL CHARACTERISTICS OF PRIMARY 
V EFFLUENT AND GROUNDWATER IN SELECTED OBSERVATION WELLS, 
FORT DEVENS LAND TREATMENT SITE (1973, Average Val ues) [27] 



J- 



• 


J 




Well 3' 




Constituent^ 


Primary, effluent 




•2 


3 


' TO \ 


BODc 

o 


112 




— ^ 

12 


2,5 


0.9 


•* • ■ ■ . 

COO 


1 Q9 




26 .. 


19 . 


1 n 


Total, nitrogen 


A? 


11 


. " U.5 


19,5^ 




Organic nitrogen 


6 J 




8.3 


2'. 3 


1 ? 


^AiTwioniuni nitrogen (NH^-N) 


,21 


0.6 


5.3 


•1.3 


0.5 . 

■ > . ■* 


""Nitrate nitrogen (NO^-N) 


1.3 . 


.0.2 


0.9 


15.£ 


. 18.6 


Nitrite n1tr,ogen (NO^-N) . 


0.02. 


d.oi 






0.02 


Total phosphate (P04-P) 


11 * 


,0.4 


. 5.9 


0.9' 


1.3 


. Ortho phosphate (PO^-P) 




Q.l 


5.6 


0.2 


0.1 


Chloride 


- . 150 ' ; 


20 


^, 85 ^ 


230 


257 


Sulfate 


42' . ■ 


9 ' 


48 


39 


35, 


Total conforms, MPN/ 100 mL 


3.2 X 10^ 


■335 ■ 


3 900 


.210 


620 v. 


ph,- units 


6.2 - 8,.Q. 


•7.3 


' ' 6.8 


6,3 


'6.1 


' Conductivity, umhos • 


511 


133 


371 . 


360- 


333 


*Alkal1n1ty^(as CaC03) 


■'■ 155 ■ ■ 


29 


120 


/28 


14 


Hardness (as CaC03) 


\ . . 
'\ , 41 • • 


12 


, 23 ' / 


4n 




depth of wel 1 belQW 
grouild level ft / , 




40"' 




<• 

' v9:5 


23 



a. Well locations are-shown in Figure 7-20. 

b-. mg/L unless otherwise noted. 

c. Indicative of native groundwater quality, 

V f t =0.305 m 
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A tracer study conducted tiy the U.S. Anny Medical Bioengineering 
Research and Development Laboratory has demonstrated that viruses ar/ 
capable of movement past the/ upper soil layers [28]. The wastewater w/$, 

V .artificially spiked to provide a continuous virus Concentration Sf" 
1Q5 PFU/mL of wastewater Applied to the treatment beds. This is a much 
greater virus concentrajtion than that no final ly found in domestic 
;'wastewaters. The f i el a studi es at Fort Devens have sfi'own that vi ruses 
at this concentration /are not impeded in the lofca.1 sotl strata and can 
readily penetrate to /the groundwater. In addition to poor adsorption, 
. other removal mechaF)1sms such as filtration or straining were not "a 
factor, mainly because of the size of the sandy, silty, and gravelly 

.Soils, in- relation to the extremely small virus particles. The virus 
stabilized in the groundwater beneath the treatment basins at almost '50% 
of the artificially high applied virus concentration. . 

' ■ " ■ • : • ■ ■ . . ' ■ ■ ■ . . ■ ' - ■ ' : 

The bacteriological indicator organisms were reported -to behave 
differently than the viruses at , the rapid infiltration site. Total 
col.i form, fecal coliform, and fecal streptococcus organtsms were readily 
•concentrated on the soil surface. Unlike the viruses, the bacteria were 
f i 1 tered or strai ned at the soi 1 surface Kowever , i t was reported that 
significant numbers of b,acteria" are capable of migration into the 
groundwater [28]. .. - . v 

',■ . ' ■ ' ' ' . ■■ . ■ ■ - ■ ■ ■ \ ■ 

7,11 Pauls Valley,, Oklahoma 

7.11.1 History . " ' 

■ftv ' . ■,. ■ ... ..■ . ; 

'' ' ■ ji \ ■' .- ■ J t ■ , . . .. I 

■ . 3' ' . .,■ ' ' ■■ '■ ■ ■'. ■ ' ' ■' ■ ■ 

PaulsW^yej is a community of 6 Obb in south central' Oklahoma. In 
u I'/j .^rV* 33/ acre (13 ha)';ia'goon was cqnstructed to treat 0.7 
Mgal/d (31 L/s) of wastewater, with some effluent used for irrigatibn. 
In 1975, an experimental overland flow system was constructed' to treat a 
-portion of the flow. Much of the experimental system was patterned 

- after , the EPA research project at nearby Ada, Oklahoma [30, 31]. The 
principal design factors are summarized in Table 7-31. ( - 

■ ./ - 9; ■ ■ ■■• ■■ :'i ■ . ■. ; V"v-V . ■ . .-■ 

7. .1 1.2 Project O.e^c rip ' 

The purpose of the. experimental system is to demonstrate the treatment 
of both oxidation lagoon^ef fluent and untreated municipal wastewater by 
overland flow. The system consists of 32 .terraces, each 0.25 (0.1 ha), 
for a. total of, |i..acres,, (3.2 ha)." Lagoon effluent is supplied to 8 
terraces and screwed untrea4;ed wastewater. is supplied to the remaining 
24 terraces, Lagooyi effluent.is taken from the secdYid cell where it has. 
received appr9xiiitately 30 days of detention. ^; ■:;-:;:vi,,:_ , 

Half the teri^^qes are sloped at Z% and half at 3%.* A' typical terrace is 
75 ft wide by JS.O^ft long (23 m by 45 ih). Three distributor mechanisms 



TABLE 7-31 

I ,1 



DESIGN FACTORS, 
PAULS VALLEY, OKLAHOMA 



Type of system 

Avg flowr Mgal/d* - • 

Type of wastewater 

Preapplicatlpn treatment 

Disinfectiorf 

StoragV ^ 

Field "area, acres 

Crops • . , 

* Application technique 

, ' ' . ' ' ■■ * ' ■ • 

Routine monitoring ' 

Buffer zones 

Applicat^pn cyc^e, h , 
Time on 

Tiine off • 

Annual application rate, 
Screened untreatjed wastewatfer,;- 
Oxidation- lago^oK. effluent V; J. 

Avg weekly appl1t,cation rate, in. 
. Screened untreated wastewater 
Oxidation lagoon effluent. 

Avg annual precipitation, in. 

Avg lannual evaporation, in. 

costS), $/acrea 



Overland flow ^ 

0.2' '„ • . '•• 0. 

Domest ic • 

Raw (screened) and oxidation- lagoon 

No_ 

Not required . » 

8 

Fescue, annual rye, and Bermuda grass 
Surface (bubbling orifice) and 



sprinkler (fixed and rotating nozzle) 

Yes V \ 

No. . • . " 

8-12 V 
12-16 

'19 
.'45 

4:3 . 

10.3 . 

r36 
58.5 ■ 
8 500 ' - 



-.'Includes construction costs or preapplicat.ion treatment ^ind 
engineering, 1975. J ' 



.1 Mgal/d = 43.8 L^s \ 
) ' 1 acre = 0.405 ha 
'""'^ .V.^ ft = 0.305 m 
, ^il^ln. = 2.54 cm 
' lb/acre = T.12 kg/ha 

i -- ; .l-$/^qjhe =$2..47/ha 

■ 
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are used:^ (1) rotating booms with fan noz2les> fZ^^-fixted fan nozzles at 
the top of 'the slope" as shov^n in figure 7-24, artd (3) the bul^bling 
orifice methijd as.^shown in FigdPre 7-25;^.. Jhe rotating boom -Is ftatterned 
after, those u^ed at the Ada, OklahomaHresiBarch project [30], 



The purpa^:^'pf the^^^tiuil tiple terraces is to jcompare the treatment 
efficiencies and the- operati^ig condi^ti.ons. fdr: J]) screened; untreated 
wastewater versus oxidation .^J^ (21 slopes.yat 2%- versus 

slopes at 3%, and (3) the three types of ciistrributors. 



FIGURE 7-24 , 
Vj- J| FH^^ NOZZLE , PAULS g^LLEY , OKLAHOMA ' 




7 . 1 1 ; 3 : D es 1 g n F ac tors 
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The original seeding was 30. lb/acre (34 kg/ ha), fescue and 15. lb/acre (.17Vi 
kg/ha)- annual 'rye. During the summer the annual rye dies- out and 
subsequent seeding witlr . BermticFa- grass_^as begun to grow. The 
application is year-round; HiiWever, the oxidation Tagoon acts a v 
..jjackup system and would provide "StSrage if needed. The- soil is. a slowly* 

r ■ * ■. ■ ' . ■ ■ v;# ^K'U:''''' \. " ^ : ' ' , , '■ ^• 

. bubbTina orifice consists of a 6 in. (fsr'cm) PVC manifolcr Wi^th, 0.75' 
(1.9 cm) outlets. The manifold is cradled in readily avt^^^^^ 
crushed limestone : that .is 0.6 in./' to 1.50 in. (1.6 to 3.8; cirt) -in 
diameter. The ,f,flow of wastewater spreads; put and slows down as' it 
contacts the limelstone and btegins to travel\dowh the slbpe. 
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FIGURE 7-25 



^BUBBLING ORIFICE FOR WASTEWATER' APPLICATION, 
PAULS VALLEY,. OKLAHOMA 





■ . . * • • . ■ . - ■ ■ . . .. ••^ 

c. ^- 7.11 .4 Operation and P§rformance ^ . . . ■ 

Twc? related opera1:i rig: problems have takeh much otjbne first year to 
solve, the screening devite used was not sucpessful jjnttially and large 
solids were pumped into the system. This has/reiui^i^^^ in frequent 
clogging of the sprinkler nozzles. Improved screenin^'*'has reduce^l^jtbe 
clogging, Second, tjijie grasses suffered* from the \heat and 'the. 
occasional, dry.^ periods of the first summeri Bermuda grass may become 
the principal' vegetatioifj' Jbecausp W^^ heat and water. 

7.11 -f^^ Costs ' „ 

■ • ■ . "t-. . ■ ■ ' ■ : ■■ ' . 

The construction cost for the research system in jl975 was- approximately 
$68 000, including roads, fencing, seeding, p^iffapplicati-o? treatment. 




earthwork, dis,^ributipn, ■ runoff pipijig-, and engineering; Unit costs of 
^he 'three distributor systems are presented in Table 7-32. Each unit 
supplies wastewater to a 0.25 acre tO.l ha) terrace along the top of the 
■slopes.- " ' ' ' • .. .•• 



UNIT costs 'pp OVERIaND FLOW APPLICATION, 
PAULS- VALLEY, OKLAHOMA . 



Item , . 


Unit 


Number 


Unit cost, 

. $ . , 


Cost, $ 
per acre 


-i — \ — 

Fixed nozzle systems 


each 


8 


- 200 


800 


Rotating boom systems 


each 


16 • 


- 375 


1,500 


Bubbling orifice systems 


each 




. 14Q; 


560 



7.12 Paris, Texas 
7.12.1 History 



In 1960, the Campbell Soup, C^ditipany began to construct an overland flow 
system , at Paris, Texas. Wfit^n;;the food processing plant begapt operating, 
at the end of 1964, there were 300 acres' (120 ha) of pre^paVed slopes 
with a vegetative cover of mixed grasses ready jll^bi? wastewater treatment.. 
The system has been expanded in three increments to the present 90Q 
acres (360 ha). In 1968, a 12 month intensive mon.itoring program was 
conducted and the results have been widely published [32 , 33 , 34 , 35-3. > 
The principal design factors are presented in Table 7-33. * ' 

7.12.2 Objectives and Description 

l J ■ ■, ^ . ■ . ■ vvv . 

The objective of the overland flow system is to treat thie food 
processing ' wastewater Ari an efficient iand cost-effective mariner [36]. 
The construction of thie overland flbw system also resulted in the 
reclamation of the heavily eroded rolling terrain. 

- ■ ■ •■ . ■ ■■, « 

Wastewater from the heat processing of soups, beans, and spaghetti-type 
products Is collected in. two drainage systems. •The first, containing 
gre^iSjB from cooking, is rduted^.tlji^^^^ a gravity grease separator before 
it ibins the second waiste streaiii* from the vegetable trimming area. The. 
j:ombined stream passes through revolving drum-type #10-mesh scfreens 
"prior to being pumpj^d to the sprinklers [34]. 



TABLE 7-^3'3 ./' ' r 



Type of system ' 
: Ayg flow, Mgal/d ';;vi;-.*-: 
Type* of wastewater 
Preappl.ication treatment 
Disinfection V 
Storagi^ ^ . 
Field area;, aeries 
Crops 

Application technique 



Overland flow ! 
4.2 

Fbocji processing 

Grease removal and. screens . 

No . . ' ■' . • 

Not required ^ 

900 

Reed canary, tall fescue, redtop, 
and perennial rye . 

Sprinkler (buried pipe) 



Routine fflofrt-toring 


: Yes 




Buffer zones 


No 




Application cycle, h 
Time on 
Time off 


6-8 
16-18 




Annual application rate, ft 


5.2 ■ 




Avg weekly application- rate, in. 


2-3 . ■ 




Avg annucil precipitation, in. 


45. 




Avg annual evaporation, in. 


36 




Annual nitrogen loading, lb/acre 


240 




Capital costs, $/acre3 .., 


1 500 




Unit operation and maintenance 
cost, tn 000 galb 


4.8 





a. Excluding land, 1976. 

b. 1971. 

1 Mgal/d = 43.8 L/s 

1 acre = 0.405 ha 

1 ft = 0.305 m 

1 in. = 2.54 cm ■ 

1 lb/acre = 1.12 kg/ha 

1 $/acre = $2.47/ha • 

1 <t/l 000 gal = 0'.264 (t/m3 



. Wastewater is applied to the overland flow terrace by impact-type 
sprinklers. The original sprinkler system consisted of 4 in. (10* cm) 
aluminum' irrigation pipe as laterals laid on the surface, but the.inore 
recently constructed terr|ices have buried laterals. The treated 
wastewater is collected as runoff in grassed waterways and is discharged 

'-into a creek. . . 



331 ' 



ERIC . 



7.12.3 Design Features 



v 



While the current hydraulic loading is/5.2 ft/yr (1.6 m/yr), the system 
has operated effectively at h^igher rateL In the 1968 research program, 
the total annual application wa:sn'^e3nsure^^ 11 ft (3.4 m) for the 11.4 
acres (4.6 ha) monitored and /ainf all wafcs 4.7 ft; (1 .4 m). Of this total 
.amount of water, 1 8% ^>#gr^c ou n ted ^fef a s evapotranspiration, ,61* as- 
runoff, and 21% assumed/iis perc^talTTon [34]. 

The rolling terrain vj« graded into terraces with slopes ranging from 1 
to 12%. In the more recently added fields, slopes of from 2 to 6* are 
Used. Slope lengths range from 200 to 300 ft (61 to 92 m). Theslopes 
are seeded to a mixture of Reed canairy grass, tall fescue, red top% and 
perennial rye grass [36]. Reed cahary grass has become the predominant 
.grass on the mature slopes. 



7.12.4 Operation' and Performance 



The treatment performance documented in 1968 is compared to recent 
effluent quality in Table 7-34. BOD and COD removal is on a concentration 
basis have improved, and are relatively consistent throughout the year^ 
as shown, in Table 7-35. The suspended solids removals are not as 
high as BOD removals and are not as consistent. Despite the wide range 
in pH of the wastewater, the runoff is. consistently between 6.6 and 7.5. 



. TABLE 7-34 . . 

TREATMENT PERFORMANCE DURING 1968 . 
COMPARED TOi^FFLUENT QUALITY IN 1976, PARIS., TEte [35;v37] 



X 


1968 vdlues 


June 

1976^ ^ 


t 

Constituent . • 


Infl u^nt 


Treated 
effluent . 


Treated 
effl uent 

< 


BOD, mg/L ^ 


672 


9 


1.9 


COD, mg/L - 


806 


67 


45 . 


Suspended solids, mg/L 


245 . 


16' 


34 


Total nitrogen, mg/L 


17.2 


2.8^ 


.... 


Total phosphorus, mg/L 


7.4 


* 4.3 ' 


.... 


Chloride, mg/L 


44 ; 


. .47 


43 


Electrical 

conductivity, ^^mhos/cm 


449 /" 

I, 


490 


.... 


pH, unit 


4.4-9.3 


6.2-8.1 


•6.6 
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TABLE 7-35 

SEASONAL QUALITY OF TREATED EFFLUENT ' 
■ ^ ' PARIS, TEXAS 
• > mg/L 



Month BOD COD Suspended solids 



1975- 




, Jul 


3.1 


44 


34 


Aug 


3.4 


43 


17 


' Sep 


1 #9 


38 


•5 


' Oct 


Z.l 


32 


15 


Nov 


2.7 


36 


23. 


Dec 


3.1 


34 


15 


1976 








Jan 


'6.5 


38 


15 


Feb 


3.6 


40 


19 


; Mar 


3.4 


44 


37 


Apr 


4,6 


. 50 


76 


May 


2.3 


43 


38 


Jun 


1.9 


45- 


34 


Average 


3.3 


41" 


28 



The grass was cut but not removed in 1965 and 1966. In 1967, the hac/ 
was harvested* and in 1968 three cuttings were made for a total yield of 
3.65 tons/acre .(8.2 Mg/ha) [32]. Currently, the grass is cut onc^-a 
year and it i§ hatrvested green, dried in a he(y dryer't^and concerted to 
pellets "for animal feed [36]. The grassed terraces are shown in Figure 
7-26. Because the slopes are nearly always wet, access is restricted to 
vehicles with high-flotation tires. , 



7.12.5 Costs 



'Construction and. operating costs reported in 1971 are shown in Table 
7-36. It is estimated^at t;he $1 007/acre {$2,483/ha) construction cost 
{excluding land) hasruicreased to about $1 500/acre ($3 700/ha) by 1976 

'[36]. ■ ■ , : 



In 1976, 10 men {3/shift) and a supervisor were required to operate the 
system. Maintenance includes checking and replacing sprinkler heads 
(•which have a service life of 4 to5j.years). 
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: ;.;TA^^ 7-36 \ r 

. .' " : ■ ■ •. . . . ' 
CONSTRUCTION AND OPERATING COSTS, 

: Pmis, ^E)^^s [34], T97i " 



..'Construction costs, $/acre. 

5'it^ic,1^ar1ng,. grading, 
; and; dV'ainagf ditch 362 

''•Planting' and' 108 

Pipeline and ^' 
sprinkler system 348 

Engineering, surveying, 

and equipment ; 188 

Total ; . 1 007 

. ■ , ■ . ■ ■ ■ *' * 

Operating costs, ^/l 000 gal 

Labor 'il2 

Mainjtenance • 1.4 

Power , 

Miscellaneous / o.4 

. Subtotal * f 

Revenue I 0V4 

■ Total. . • ' , 



1 S/acre - $2.47/ha ^ 

1 iiy 000 gal « 0.264^/fn' 



6 Monitoring 



In additiorv to the constituents listed in Table 7-35, the regular 
monitoring proor^ iijcludes analyses of temperature, pH, total residue, 
chlorides, suytdites^ oil and grease, color, and dissolved oxygen, the 
total runoff flqw is monitored continuously shd samples are taken every 
3' days for analyses. , 



7. "^.7 Microbiology/ - ; 

" ' ■ • ' . ' ' • » ■ ' ■ 

Research on the soil microbiology at Paris has been r.eported by Vela 
[38] and Vela and Eubanks [391. Populations of hetferotrpphic soil 
bacteria ranged from 106 to 10° organi?^ns^^ soil;[39j. Large 
populations (1.5 x XqS to 7.4 x 10^ organic/gram of 
^ psychropMlic bacteria that are capable of actively Vowing^ at 2**C were 
also found, although the soil reaches this low temperatur^^^^ a few 
days of the year [38]. This large microbial population sustains a high 
level of treatment even when low temperatures occur./ 

\7.13 Other Case Studies ^ 

" ■ ' , ' ... ■ ■ 

Many existing case studies of land treatment wiir^^^ excluded 
in this chapiter. Lubbock, Texas, is an example of a slow rate system 
where a farmer is contracting .for municipaV effluent for irrigation on 
his land [40, 41]. At Tallahassee, Florida, research on njitrient 
removal has preceded full scale plans for treatment [42]. Case studies 
of operations at Quincy, Washington; and Manteca, California [43]; and 
Livermore, California [44], have also, been reported. 

For rapid infiltration the studies at Santee [45] and Whitter Narrows, 
California, [46] are available. The Calumet, Michigan, rapid 
infiltration system, probably the oldest rapid infiltration- system In 
the United States, is being studied. Untreated, undisinfected 
wastewater at a flow of 1.2*Mgal/d (53 L/s) has been treated on 12 acres 
(4.8 ha) since 1887 [47, .48]. 



The'*most prominent overland iFlpw system that is not included as a case 
study is at Melbourne, Australia. It has been operating successfully 
for several decades [49]. 
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DESIGN EXAMPLE.: 



8.1 IntroddctiDn 



The design of a 1 and^eatneht systerffv-is highly depgndent^on condi tiong',*'- 
such as climate, soil , topography, and many others'. As a cqnsequenctf^' 
rio design example can be universal; however, the examp1e\should:.b,e:. 
.illustrative of a design' procedure' in which the feasible aUbriia:tiye?^K 
are developed and assessed according to the methods jln thj?$ dei^^^ 
manq^Vf^:;^. • ■ ; ■I':v-.> - ' - ^'' ' " v-^ ^ 

This presentation is adapted .from a :^des4gn exarripie, pr^^^ 
Sherwood Reed of - USA CRREL for . use^v; itf^ training 
courses. It is intended 'to present the development and; evaluation, of 
land treatment alternatives. As such, the design is. , not intended to be 
complete, since many coropohents of a complete, system, such as a 
transmission., system and 'pumping stations, are omitted..- :T^^ Bl.imi nation 
of .vfttese components froift this example will 'not alTljiw^.a 
efTfet4ve comparison betwfefen Und; treatment and. conyepti6|ia 
alternatives. Cost data ikedjYn this example were taken- -^^^^^ sourGfes^: 
described in 'Chapter 3. \ > V : ' ^v-X - 

■yt^:-: ' . :. ■ ' ' " ^ p.- '^;-^^v.'^^ 

The approac^iihere i a statement ot:^ the problem and the data'." 

from .which prel imi nary design aHeT:^natives, based on annual loadings, 
.and process performance estimates 'are developed. • A relative, cost 
comparison between the developed processalternatives i^ presented from 
which the most\,cost-effective alternative . can be chosen for final 
design. The final ^ process desigru is based on more detailed analyses, 
including monthly loading distributions. ^ 

"'b.2 Stautemeni of 'Problem ^ ^ ' .. 

The problem is to provide adequate wastewat^r.Vitreatment for a community 
that has an. existing' primary treatment . p1 ant and surface, water 
discharge. The recommended design must^ .t).e - the most cost-effective 
alternative and adapted to local conditions'--^ 



'8.3. Design Data 

8.3.1 Location ' ' '-^v^"^' 



the , problem .ar^'a., is locat^^ in the northeastern United States. The 
existing co*nman;i;|t5t' hsis a present population of 70 UOO, with a 20 year 



(iesign population, of 90 OOO. The design wastewater flow. I s l& Mgal/d 
1438 existihg treatment facilities' for the community consist 

;;;ol i rprima^^^^ plant with disinfection arid sludge digestiof^n. ., At 

present, thi&V;efflue'nt is discharged to ^ river, and the digested sludge 
is appliied^ td' t^^^ The_^ystem was constructe^d irf*^^^ e^rly 1940's 

and is irilyery poor structural an^d mech^ it will b,e 

■dbdin6one&.:f ': \,.. X*'' /\:\ \,''.^^ ' 



d.3i2 Climate 



TheV; Climatic :^^^^^^^.T an important aspect in 

det^gifit^^^^^ storage and leng^ season for slow rate 

and;;ti^^^^ systeips.- The climatic data for the site was obtaijied 

from 'the National Qceahic and Atmospheric Admini stration' s Climatic 
Summary of^ the United States for 20 years of record, arid are presented 
in Table 8rl . For the worst -yea tLjLnJ 0 , there<,are 142 da[ys (mostly 
between November and March) in which the mean aljr t^^ 
than ;32*'F (0*'C). As indicated 'in Section 5.3, thiy^^^ 
for Sflpw' rate and overland flb^^bystems. The annual precipitation of 
50;2-r in. (12b cm) occurs fairly~\i?iif6rmly throughout each monjtfi :pf the 
.y^B«^ri^:;)^A total; eyapotranspiratioft;'Of ^,25; V (64 cm) occurs frpm . late 
ilarch • to; The di fife - between precipitation and— 

evapotranisfpira^io^^^^^^^ given ih\ table 8-1 i^^^ used i n computi ng . 
monthly nitrogen- ain^^^ V ! ■ - - y^L^f/ 



CLIMATIC DATA F0R JHE VoRST YEARvilJ^P: 



Temperature; **F 



Moath ti^an 



Mean daily 
minimum 



. Days wi th 
. 'mean ■ ■ 
temperature 



Precipitation (Pr) 



TptaT, 
' in. 



.Days with 
mean >0.5 In. 



V ';; VMpnthly net: 
EvapD-: ' V Water excess 
trans pi ra t^^h^, . , (Pr ' - tT j = 
in. ^ ^ Jr). . 





^0. 


31.0 


. 16 


"^9! 4 


4'20,8 


28 




.26.0 


16.7 


30 




28.4 


16. Q 


26 


.•4i^ir 
Apr. 


34.3 
47.3 


25.0 
35:7 


26 

, 7 


' May 


57.5 


46.2 


1 


* Jun 


66:3 


-^55.3 


0 


. Jul 


72.0 


60.7 


0 


Aug . 


.69.8 


.;S8,3 


0 


Sep 


62.2- 


'5K4 


1 , 


Oct 


51.8 


40.4 




. Annual 


48.9 


■38.1^ 


■ 142 ■ 



4.8 

4.2.. 

4,0 
4.2 
■ 4.6 

50.2 



4 

3 . 

. V'' 

2; 

4: 
3 
3 
2 
2 
3 
2 
3 

34. 



0.8 

' 0 . 
0 . 

. 0 ; . 

0.2 
1,4.' 
3.2 
4.6 
5.4 
;^4.a, 
3.3 
1.9 

25.1 



4:0. 

.4.2 

.4.3 

3.5 
■ ;4.8 

3.2 

0.7 . 
-1.3 
-1.6 
-0.3 

0.9 

Z.7 

25.1 



.1 °F ■ 1.8 X °C + 32 
1 In/ » 2.54 cm . 



8.3.3 Wastewati^r :CharacterlsU^ \ * * r 

The characteristics of the wastewater .are iroportan,^^^^^^^^ 
hydraulic and wastewater component ;.a^ Jo avoid/nuisance 

condittbhs during winter stbragev biological treatweni in lagoons will 
be provided. The characteristics of the mostly domestic- wastewater . ate 
presented --in Table 8-2'" along with the anticipated quality of the, 
Wastewater applied to /the land aft;ervStorage^ information or 

the quality of/ th^. Susaniia ,, River ^ .a^^^ groundwater is also 

presented. • The. cohc^ntratfons of 'trace ^ metals are 1 ow, and/mass 
appl ication criteMa' far; them ar.e: pr^^^ in 'Section 8.7.1.3. . ;^ 



: . . . . TABLE 8-2 

V: . WATER 'QUALITY . CHARACTERISTIC / ^ i . 

\ • Wastewater to ■ - ^ 

/ ■ - ' Raw ^^^-.be applietl td Susanna 
■ ' 'Parameter : ^Wastewaters landc^; Ri.ver^ Groundwater^' 

■ • ' '^'•1 ' ■. • ■ » ■iff';.'* , i ^ 

BODS, mg/L •/ ' ■ • ,,24q ^ ..'•.4b ;"V/.'V:V/ 3.9 * 

* . Susp;ended solids, rng/L . "' J 240, ;; ' v V. ; • /• . V*/ , i !. . ... 
^ Total dissolved^ soli^is/jing/L * /-SOO- . ; :47Q " v 250 ' > 400 

- • Tot^r^rtroaeil • s'-.'"^ ' ' .^^ 6.0 ■ . ^ V 

. - '.^pnia.ai N* ;ig/l: , / .29 ' " ■ IQ " *' • ... ^ 

* ■ . \Nitrate as N, mg/L ■ ■ % 0 .14 . 6\ 

Total phosphorus as. P, mq/L • "'lo 8 ' " . i .J • 

^Chloride, mg/L ■■ • > I 40 ■ ■. 37 :^::.:^D ' 35 

Dissolved oxygen, .iiig|/t;^.v^^^^^ ... . 5.0 ... 0' 

Total col^rnif, .MPM/ipO mL ....^^ ; 2 pOO ■;: '.■*^' ".V^'. ".^.'v; 

■ a. Trace metal, concentrations are witKin ihe. typicaV range for nlllun1c1|i*l ' " '"^ 
wastewaters.. ■ Discussion'.is;ihclude(j^ .t^ • . • 

* • b. ^ Data obtained from ex1^in^^was'tew^ V. " . y, 

c. Assumed preapp^lication treatment. by aferated lagoon, pi us storage... ; 

• d... ./bata. ; J " ' 
e.-:- 'Oaita:,obtained fr^ . ^'^ ■ ■ ■ ' v r ■* ■' 



. . 8i3.4" di stharge Limitations 

*■■■.' ■ ' ' ■ . 

The Siisanna'Riyer, which is^used as a^publitSdrink.in:9 water suoply,^ .h^ 



The sqsanna Riyer, which is used as a public xirlnkln:^ water supply ^ h 
an , average :fl:ow'; .of .60 fy/s' J .(1.2 
ni?/?) ;; .and a -B^ of 5,0 mg/L. Fi ve^ 

miles . (8 km) . downS.tream from' the exisitii^g wastewater tre^^^^ 
the . Susanna Riy^r flovys into-^ an "e^uary "f^hich lU widely' used ; for 



EKLC 



irecreatibnV The State Water Quality Regiilatory Agency has imposed the 
following limits on surface discharges (expressed as mg/l/30 day 
averages): '-''K ^ . 



:./' . :BdD5 . : / * * J- 

. Sijspended solids . V 

Phosphorus as 1^ y. . ' 9* 

' * * Total KjeldahV nitrogen 1 

' ' Niti*ate-n1trogen 5 

TotaVnitrogen as N ' . 6 

• Maximijrii.total chlorine re.Sid\jal 0, 
Total coViforms, organisliis/.lOO ml 3 



The ' g roundwa ter aqui te r i s a p6 tenti al dr i nki ng wa teif^'^spur ce . and f i ts 
Case I (see Sectiprt ' 5.1 .1 ) sb the EPA drinkijig' i^ter criteria for 
chemi-eal and pe^icfde levels would therefore apply to discharges tb» 
groundwater. Th^viiibst^^ groundwater criteiji on would be a nitrate- 

nHrogerfconcSritratio^i-^ot^-ta exceed' 10 mg/L (at site boundary). 



8.3.5 Site Inves^itcUtioxi 



A pjJtliminary investigation (see. Section 3.5):^bf the lands adjacent to 
the ^^^teliunity ih'^^^^^^ that' about 11- 000 acres (4 450 ha) is 

availaple. Thiev/g^^^^ topography of the area is shown in Figure. 8-1. 
The ' area is boundlid on the south by the ,Susanna River, which flows 
westerly. The existing^ water treatment plant and intake, and wastewater 
treatment plant, and outfall are in the southwestern corner. The^Tand 
increWeis/ in elevation from about 100 it (30 mj above mea^ sea level' 
hear 'tlie Susanna River to' . a. maximum elevation, of 450 f 1^(1 36 m) at' 
Clyde's Saddle. The surface slopes in the range of 1 to,.4%, although a 
relatively flat area of O'to Z% occurs in the eastern^ortion. *^ 

8.3.5.1 Soil Description 

The type and location of a^ricul tujp^Ti soils as described in the SCS 
report for the istudy area include-Hmit clay (HpG) ,• Hanover* loamy sand 
VlHn), and Bomo^een sandy clay * loam (^sN),:/as .shown in Figure 8-2. 




Jhe Hunt clay is a red-brpWn.clay wi th a thin surface mantle of silt 
loam. /Drainage . is very poor with permeability, of less, than 0.2 rh./h 
(0.5. tin/hH It*' is fair to good for grasses jind legumes^ poor for grain 
pd'$eed cfro^ and hardwood trees; and' not suited for coniferous trees. 

Th^^^ Hanover Voamy sand is a well-drained soil with a distance *of 10 ft 
.(3 m) or more to the water table. The permeability is. at least 3 in./h> 



'figure 8-2 
AGRICULTURAL SOIL MAP 
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(8 cm/h). It is fair to good for grain, seed crops, grasses, and 
legume;5; good for hardwoods-, and fair for coniferous trees. 



The Bomoseen sandy clay loam is well .drained, under! ^n by fine sands 
with .10 ft_(3 m) or more to groundwater. Ttie permeability is 0.6 in. /h 
(1.5 cm/h).'''It is good for" grain, seed, grass, legumes, and hardwoods; 
and fair , for coriifers. A descriptive summary of. the soil .types, 
including system suitability and available area; is presented in 
.Table a-3. . . ^ . 



TABLE 8-3 



AVAILABLE LAND AREAS BY S^OIL TYPE^ 



Soil . 
type 


Soil 
description 


Maximum 
slope, % 


Permeability, 


System suitability 


Available- 
atires 


BsN-1 


Sandy clay loam 


2 


[ 0,6 


Slow rate 


• 4 240 


BsN-2 


Sandy clay loam 


■ 3-4^ 1 


' 0.6 ' 


Slow rate • 


3J0: 




Loamy sanc| 


2 . / 


' 3 ' 


Rapid infi Itration 


1 340 










and slow rate' 




+fp5^b 


Clay / 


2 \ 


<0'.2 


. Overland floW 


1 230 


HpG-"^^ 


Clay 


3r4 ' ' 


' <0.2 ^ * 


Overland flow 


4 020 ^ 




■ » 






Total, 


11160 



a. Data^ from SCS report. * ' ;^ 

b. Area between 100 and 200 ft contours (half clear*, half brush, and woodland). 

c. Area above 200 ft contour (all brush and woddlan^). • 

1 acre = 0.405 ha . . . > 

■ 1 f t = 0.305: m . 'V ' . , • ■ 



The general soils evaluatioji shows that within the study area, there 
exist soil types that appear to- b,e suitable for all three, land treatment 
processes. Further assessment of their suitability requires additional 
information on the subsurface geology.- 



8.3.5.2/Soil Borings 



Well logs or other information on the 'soil profile were not available. ' 
Consequently, twelve preliminary soil bonings were made as shown in 
Figure 8-2 to confirm the SCS soil map. The resultsvfrom the boring logs 
show that groundwater was encountered at the single drill hole (No. 1) 
and that the depth to bedrock varied from a minimum of 20 ft (6 m) at 
borings Nos. 4 and 5 to a maximum of 70 to 80 ft, (21 to 24 m) at borings 
Nos. 1 and 8. The underlying geology is a mixture of sands and gravel s 
with clay and fine sand occurring at various depths wi thout hardpan 
T^ayers^ The-bortrrgs at the li)wei5r"e1"evcrttonrliff^^ 



bedrock, with ' decreasing §oiV depth as the elevation increases. The 
subsoil geology has equal to or greater permeability than' the upper soil 
horizons. ' " ' , ' 



8.3.5.3 Vegetative Cover : 



The vegetative^ cover is Important asiah indicator of, the growth con- 
ditions f a sot^l type, and as a facttfr 'in 'determining costs of clearing 
and other site preparation. * As s'howQ^in Figure 8-3, iji the eastern 
part of the study area, Jthere are open lands and native grasses on the 
Bonioiseen sandy clay team. In the; southwest corner df the study area, 
there is previously cleared lan^d on Hanover loamy' sand and Hunt clay. 
In the rest of the study areaMproceedi^fig northward towards Clyde's 
Saddle) , there is a wooded, area ,of brush and trees, mostly underlain 
with Hunt^'claJ^^ ' 

B.4 Process Alternatives 

' . ■ ■• .... • ■ 

. _j 8.4.1 Slow Rate System * • 

" ■ ■ . ■ ■ ■ • . 

The initial deternji nation of the /required field area is juade using the 
annual water balance: ^ ; " h 

■ , . Pr + Lw = .ET + Wp ^ r; (5^1) •' 

■ ' ■ • ■ ■ '. ' ' 

where. Pr^ =^ precipitation, ft/yr (cm/yr) / ; ■ ' j 

Lw = wastewater hydraulic loading, ft/yi^ (cm/yr) ^ 

. Ej = evapotranspi rati on, ft/yr (cm/yr) \ 

/ Wp . = percolating water, ft/yr (cm/yr) . - 

. R =^ runoff, ft/yr (cm/yr) • 

• ■ ■ ■ ^ • ' ' ' -■ 

In this case, runoff'of applied water will be retained and thuS willbe 
considered ' negligible. The relationship between .precipitation 'and 

.evapotranspiratron ■ is given in Table - 8-1 . ; Precipitation exceeds. 

' eVapotranspi ration b^ 2.1 ft/yr (64 cm/yr). Wastewater applications are 
scheduled for periods when the mean air temperature, is above 32*^F (O^C)^ 
approximately from March 25 to November 3 (Table .8-1). This 32 week 
application 'season will avoid, extreme temperatures and frozen ground 
conditions, will ensure some crop response, and necessitate 20 weeks of 
storage within the design year., The percolating water can be estimated 
from Figure v3-3 usinc( the penneability value of 0.6 in./h J[1.5 cm/h). 
for the Bbmoseen sandy clay. loam. A conservative rate of about" 3. 5 
in./wk (8.9\cm/wk)* is chosen because crop production is planned. This 
value is multiplied by the 32 week season to determine the annual 
loading. 

43r5r4nr'/^k-)7j^2 wkyyrf^-i-T2r-i-n>--/f^-=--^ 
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The total liquid load4ng would/be reduced by the 2.1 ft/yr (64 cm/yr) of 
excess precipitation I (Table l8-l) for a resultant loading of 7-2 ft/yr 
(216. cm/yr). The required field^area is then calculated to be: 

F = 3.06 q (8.2) 

where F = field area, acres 

Q = annual wastewater flow, Mgal/yr / 
= wastewater loading, ft/yr 

: - F = 3,06 (10)(365) ^- 

• " . / 7.2 , . 

f . F =1 551 acres 

say = 1 600 acres 

An examfnatfon of ..the so'il classification data and soil boring logs 
shows that the soils classified as.BsN and Hn would be hydraul ical ly 
suitable for - slow rate systems. These soils, as located along the 
Susanna River and east of Clyde' s Saddle (Figure 8-2), comprise s 910 
acres (2 387 ha) (Table 8-30 of suitable land. Thus, it appears that 
the slow rate ptpcess would be potent-iaTly feasible for this location 
and should be: ^ir^yeiti gated further using a nitrogen balance (see Section 
to determine if groundwater <:riteri a can be satisfied. 

."^ ' ■ . ■ ■ ■ ... 

8.4.2 Rapid Infiltration System - - ; 



The determining* factor in hydraulic app^^'atib^^ 
permeability. The. Hanover loamy sand has a perineabil ity of at least 
3 ini/h (8 cm/hj, so a wastewater appl ication irate of .25 in. /wlj: (BC, 
cm/wk) .is estimated from Figure 3-3. Based on' a 52 wk/yr operation,, 
this results in an annual application rate of 110 ft/yr "(33.5 m/y»^)^ 
The wetted, field area can be estimated in the same manner .as "STpw rate 
syst^, giving", a required wetted field arepi 100 acres ^4^ ha)^ds 
follows: . - '^ - •* , * 

;, : F = (3.06) (3 65D)/nO = TOO acres > ". V .' ' 

■ ' ^ ■ , . , . . ■ ■ ' ■• , ■ : • . 

The al terrnate fl oodi ng and dryi ng cycl e can be accompl i shed ;by ' havi ng 
multiple basins, with a set of -basins being fl ooded f6r'4 'days .to 
promote good' denitrificatiojri followed by ari: 8 day edrying peVibd. This 
operational schedule results in approximately one-third of the field 
area .(8 or 9 basins)- being flooded arid two-thirds (16, or 17 basins) 
being rested at any given time. Approximately 1 3$0 .acres (614. ha) of 
suitable soil exists, so this al ternative should be inves|iga'^d further 
to determine if it can satisfy water quality requirement^^.* \ ' ^ 
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8.4.3 Overland Flow System 



Overland flow systems require • slopes from Z to ti% on relatively 
Impermeable soils. The almost continuously wet fiel^ conditions are not 
conducive to nomal forest or agricultural cover, but usual ly require 
special grasses. Nitrogen removal is dependeVit on complex biochemical 
responses in, addition to crop uptake. These biochemical respons_es are 
temperature dependent so there are climatic constraints'on overland^flow 
systemsie - ' , 

Since terraces having appropriate slopes and dimensions can be formed 
and proper soils are available, it ^Should be-possible to apply 
approximately 8 in./wk (20.3 cm/wk), of lagoon effluent during the summer 
growing season and approxjjiateTy half^* that amount,. 4 i^./wk (10.2 
cm/wk), in the spring and fall (Section 5v'l.-4Vl ). Since winter storage 
requires some form of treatment oxidized Wastewater wilOt be applied to 
the slopes. 'Operational experience will dictate the degree. flf oxidation 
required; it may be possible ^to -shut down all of the aerators during the 
summer. The application schedule and storage requirements, are presented 
ooc^/'^I® H^^"3 number of days wit^h mean temperature less than 

32 F (0 C). The results give a design application of 17.8 ft/yr (5.4 m) 
and a storage requirement of approximately 142 days> 

■..' /*.■ . ■ • • . . . • 

TABLE 8-4 

.! ftDETERWINATION'OFSARLAND FLOW APPLICATION SCHEDULE . 

BASEDfO.N iCLlMATlC DATA^ ^ . v. - 



ft 



i 


■ » ' ■ t ■• . * "c. 
^ Tiroislyperlpc 


Total No. 
" . of days i n 
1 time period 


Nd. of"(}ayS7. 
wlth ineffn' ' 
temperaturo^' 


' ■' . ■ ■ * y 

Appiicatic 
. -terlDd, c 


Application schedule 

m ' — 

1 'Nd. dT wks* irf;/wk' 


Wastewater 
applied, In. 




■;: •.•Nov' 16'$^''Apn- 




133 v '-'- 




■ .3:3- . 


.4 ■ ■; 


• 13-2 






io: > Vi.io\ 


0 .. 


. 10 _ 


■ : '1.4 ;■ ■ 


4 


5.6 * ^ 






^ici^V ' "153 -'Y 




■ isr 


' - 21.6 


8 172.8, 










39" 




.4 


22.4 










223 * 


■ ' ;.^i.9' ■■ r, ■ 




. 214.,0 




^ai. ,Based:prt 






8-1. : 









The, , requirei^l '..flei'dv^ ha), .as computed by' the same 

method iised,;f or"' th^-is^^^^^ 



•A ■ . \ 



An examination of the soils data indicates- that the area north of the 
water .treatment plant on the lower slopes, of Clyde's Saddle will 
probably be suitable* Between elevation. 100 ft (30 m)^ and elevation 200 
ft (61 m) there-is at least 1 230 acres (497 hap.of soils suitable far 
constructing an overland flow system, hence overland flow should also be 
considered further^ >■•■ ' 



8.5 Preliminary Performance Estimate . 
1 «.5.) Slow Rate "System^ 



The capability of the slow rate . system .tOjpeet Case 1 groundwater 
standards was determined vtjy? assuming, a 10 mg/L de^gn concentrat|())i for 
nitrate-nitrogen. Remowii- 0f phb'Sjphorus is excellent, with e^Cpected 
removals greater than 99i|;^^^n though a phosphorus limit does not exist 
for drinking water. The 'concentrations of BOD and suspended solids in 
the percolate should be less than 1 to 2 mg/L, and pathogenic organism 
removal by the Bomoseen 'sandy cTay loam should be comj>lete within the 
upper 2 ft (0,6 m) of the soiyl . . " ., . 

The limiting desig^n criteria is :. nitrogen. Based on existing system 
performance (see Chapter 7), the concentration of nitrate-nitF0,gen in 
the slow ratfe system percolate will be betted" than the 10 mg/L 'design 
value. , In addition, -the design for TO mg/ll percolate nitrate-nitrogen 
concentration is. conservative", because .significant dilution of the 
percolate nitrafte-nitrogen will most likely.' occur as the .percolate water 
mixes with'-/tHe underlying native groundwater.. Also, design flows are 
assumed fbr 1990, so'.initial applications will be. less, and subsequent 
'rtitrogen performance better. Seasonal variations in perfonmance should 
••be satisfied by variable monthly applications^ The montljly applicatipn 
criteria will be developed if slow rate sysjtemS are most Gp.st ejfj^^^^ 

. B.5.2 Rapid Infiltration System ■ ; ; : 

TJ]i*^ treatment - performance of a r^pid infiltration systeirt should be 
*;a'sseWd. becausft- desi'g^^ are. usually determined by "hydraulic 

considerations rather : than wastewater constituent applications. For 
this example, .the perfdnnance shduld bfe evaluated? for groundwater 
dischargei as^^^^ surface disch&rge.- The soil ^permeability and 

subsurface geology are both suitable for groundwater discharge. 

■ ■ '■ • ^ ■ • ' "■ r-, • ■ 

The total nitrogen applied to the land i|i^^rapid infiltration system 
can be estimated from Equation 5-3: ■ 

L 2 7 Cp L ■ ' ^ 
" = (2.7)(28\g/L)(110 ft/yr.)#8 316 Ib/acrevyr. 
say = 8 400 Tb/acre''yr (9 410 kg/ha-yr) 



The nitrogen IS rapidly converted from the . appl i ed organics and ammonium 
foinm to" nitrate-nitrogen. The principal removal mechanism isU>-i.ologic41 
denitrifi cation of nitrate-nitrogen,, .although volatilization arid crop 
uptake (if vegetatiofl . is used)/ can. add to the estimated. 50% total 
removal . The estimated percolate nitrogen amounts to .4 ilOO lb/acre•yr 
(4 700 kg/ha-yr) and will move with a percolate volume of 112 ft/yr (34- 
m/yr) [IIQ ft (33.5 . m) applied wastewater and 2 ft (0.6 ip) net 
precipitation}. . The average concentration of nitrate-nitrogbn woul4l be 
approximately 4 200"/ (2. 7) (-11 2) = 14 mg/L. .This concentration is greater 
than the assumed design criteria of 10 mg/L total nitrogen for percolate - 
and greater than the, 6 mg/L total nitrogen criteria for river disc he^rge. 

; Although the other discharge criteria, i.e., phosphorus, BOD; suspended 
sol*d&^.; and pathogens, would' be .:"adequately satisfied, rapid 
inf|lti*'ation, by i tsel f , 'wiU, not satisfy the nitrogen design criteria, 
Jufi^.tter investigation would,/.be necessary to determine the degree of 
mixing and "diSp.i^rsion .. that would occur in the groundwater under the 

'Site. For tWI? *dxampl e , rapid infiltration is not. discussed further, 
except in combination with overland flow. 

8.5. 3 Overland Flow System ' * . . - 

". , v:.^; ■ ■ ■. ■ • .. ■ 

"^^^^^^t;^^ ;total niJ:rogj^n iGt)ncert^^ an overland flow runo^N^'^'s 

exp#et6d to; be about' 3 mg/L (see, Table 2^3i). ExistiVgl' overland flow 
systems hav^ shown that total nitrogen remoyaTs-'(mass basts) 'ihave varied 
from' 75. to S:90% for systems. operating[ wi t^^^ai^^^^a^^ of 52 

wk/yr. The prirtcip^l ^-nit^ removal mecKarrisms are crbpCiiiptake and 
nitnficationTdienitrtfi cation on the soil surf^^ce ;^ thesis are 
adversely affected :byr low winter temperatures. VTheMfbrei- it would be 
/.reasonable t.D expect a 90% nitrogen removal for a systemVoperat 
;^:an^appl.icati6Ti:^^^ of 32 wk/yif^- For the estimatfed- hydraulic appli- 
^S^m^ the total applied nitrogen .(from Equation 

:.;^S3)vJS:;(^ l 346 Ib/acre-yr (1 509 kg/ha-yr) . With d 90% 

:;ip)|dy^1,. 13 kg/;ha-yr) isj:ollected in the runoff. The 

::::fin^^^^^^^^^^^^^ the wat'e> balance, so inputs and 

^'^utputs^are giyen;^ > ' " 



Applied wastewater 



ffe/yr (m/yr ) 

. 17.8 (5.4^. 

Percolate Toss^ (0,4) 

Precipitation-evapotranspi ration*^ -H.7 (0,5 ) 

Net runoff . ; . isj: (5.5) 

a. Assume 8% loss, for HpG soil,. 

b, ,: Estimate for .application period. 

•■; - ■ ■ • » \ ' 



The design . runoff nitrogen is estimated to be all in the nitrate form. 
From a mass Of 135 Ib/acre-yr (151 . kg/ha-yr) and a volume of 18.1 ft/yr 



(4.4 m/yr), the coneefitratipn is determined as follows: 135/(2.7) (18.1) 
= 2.8 mg/L. This concentration meets bt)th surface and subsurface 
rtitrogen criteria. ' . , 



Ph(^phorus removal, however, is .usually'' 50%'since the wastewater 
contact with the- soil' is relatively limited (see Section 
5.1U.5)., At. the design application rate of .17,8 ft/yr (5.4 m/yr), the 
applied- phosphorus is P =2.7 CL^ = (2.7)(8)(17.8) = 385 Ib/acre-yr 
(431 kg/ha-yr), of which 192 Ib/ac^e-y^' (215 kg/ha-yr) can be expected 
to . run off. This would correspond to a runoff -concentration of 
192/('2.7)(18.1 ) « = 3.9 mg/L. The phosphorus concentratio'n ts-greater 
than the rivir' discharge standard of 0.1 mg/L, so overland flow alone 
would hot be allowed^ for surface discharger In. addition, overland flow 
alone would not meet 'discharge criteria for suspended solids. 



lo make overland flow a -feasible alternative for this.exatnple, it will 
be .combined in series with rapid;!^^^^ The cdinbined system, 

would depend Oil the former fpp;;'- n^^^^^^ and BOD remoyal and onjthb' 
latter for suispended so.lids, and phosp|it)f us removals 

The rapid . infptration i^sins.. Wbu|^^ designed foh^the 18,1 fty^r 
seasonal net-.fu'^^^^ 



• ■'Net overland flow runoff = (18.1 ft/yr) (627 acres) = 11 350 acte-ft/season 

•■ : RI application = 11 350 acre-ft/seaspn * 32 wk/season = 355- acre-ft/wk 
For a 100 acre basin area, ' ". , . . / 

weekly applitition rate = 355 + 100 x 12 = 42.6 in./wk 

Frcn, Figure J-3. __ so.7, ,„.M,^^,us, 42:6 InV/wky^satlsf^cto;^. ^ ^ . 



The hydraulic capacity of the soil would govern design rather than the 
loadings" of wastewater c'onstituents. Discharge would be- to groundwater, 
and would eventually ap'pear as a seep to the river (nohpoint discharge). 



A summary of the pre! Imi nary assessments is presented in Table 8-5, The 
§»low rate and the combined pverlafid flow and rapid- infiltration 
processes are capaole of providing' satisfactory wastewater treatment 
with the tabulated application rates and land areas. A cost estimate 
should be:; determined/ at this time to. decide which, option provides the 
most cost-effective.;;:rtrea^^ and should be considered for detailed 
design. In addition, slow rate systems have three distribution options 
that should be evaluated ^on a cost-efTOCtiveness basis. 



■v '* 



■•.v.. TABLE 8-5 



SUMMARY OF. DESIGN. I NFORfWtiN ^ 
• FOR' TREATMENT ALTERNATI^S^f '^tv 



^ / 



Annual Wflstewa^r ,g- " ■*■.../ 

_ , ^ 4-:^-;- — ■ .Avg weekly.^ - j : Length of* S to ra'ge Treatntnt Total 

Alternat1ves^^!^.'*5^^^.'y^ flOw^ Perfod. Tota^, application Application staragev -are^t*, "lagoon, area 

V':>;'1??V^ y^X^t in.- area, acres - . d;. : acr^sa acresb ' acres^ 



•Design 



Treatment 



Slow rate if]o^:^j^^Pf'> ; 

. center pivot or r ' , . -* 

•solid set)^^I^VV:^^ - 32' ; Z."? 

followed .,b)J;rapjd - j^?* 
fnf^t>**t1pn 

Overland flow. : ' TO • 32 ' 17.8 ' . 6 7 
Rapid Infiltration , TO » 32; '^ITa.S : 42iiS 



1 600* 



: 627 

■ lop 



.140 



360 



140 , 360. 



15 



1 100 
110 



4. Based on 10 Hgal/d Jiiow «rid 12 ft working dept^^U^^ b.7.1.5). 

b. Baserf on 7 (Jays' detention at JO M9aJ;>'d;- T5 ft, ymrW depth. 

c. Includes lOt for roads, bylli^^,' and mlsceHaheous. ; 



1 Mgal/d . 43.8 L/s 
1 ft - 0:305 m 
Tin. • 2.54 cm 
1 acre '0.405 ha " 



8.6 tost Comparison 



The procedures to calculate capital, and operation and maintenance costs 
have been publi:shed [1]. Tabulations of the results are presented in- 
Tatle 8-6 to ^show differences- due to typis of treatment system and 
distribution system. The cost comparison is made solely to compare land 
tre,atment systems. Each, system wil-l usually contain a collection 
system , ^col 1 ectjon pumpi ng., preappl ication treatment, and admi ni strative 
faeilities; these are , not incl.uded in the comparison since -the added 
capital and operation and maintenance costs should be identical. 
Additional comparison to a conventional .treatment alternative would 
require .inclusion of all costs before comparisons with total treatment 
system wpUld.be made. 



The total costs.. in- Table 8-6Mnclude unlined storage, site clearing 
site leveling, distribution system, distribution *pumping (ATternatives 
;l-4); tailwater return (Alternative 1); overland ^flow terrace con- 
struction, runoff ^ collection, - and open channel transmission ftom the 
• overland flow to the rapid infil tration site (Alternative 4). . . . " 

^ . . * '• • ' • .' ■ . * ' 0 ■ , ' . 

' . . . . ' ' *,.■•.. . ' . • . * . 

A Slow rate system, .ytiTizing center pivot distribution, has the lowest 
''f'^^iv^ ;cost for thjs^^^^^^^^^^^^ The costs generated are not- 

discussed further since their purpose was only to provide a relative 
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cost effectiveness for the genieral bondi ticJii? ^^svdesc^^ib^d ^in .TabTe B-6, • 
and- as developed in the teXt •(-^eetiohs'&i4'ahd^^^ 

center pivot al ternativf ;;wiT:tx . be^ ^^iff theV" o;dev^ pp^ . 
prel fmi nary ■, system; desi gn :■■ .-I'v'V v.'' .■; ' v, V ■•. '■'■■,[ ' " ..,;v 



V ^ ^ RELATIVE ccfeT Comparison; 'DEiii^^^ 



5 Land Total Aifiortlwid ^^ Operation and 

area, cap1,taT . capital ■' '"a.lntenarice . , , . * c 

Alternative System type acres^) cost, $ vcost; $/yr , c6st,.$/yr ; cost, $/yr cost, Vyr : . ; 



. 1 . 


Slow rate, 
flood 


2 170 


8 583 770 ; 


756 '230 


. 202 750 


, 958, 980 


' 391 810; • 


: 5f 


2 


Slow rate, 
center pivot 


^2 170 


8.232 770 ' 


■725 310 


265.720. 


931 030 


387 050 • . 




3 


Slow rate, 
solid set . 


2 17Q 


10 624 120, 


935/990 


186 520 


1 122^^10. ! 


!; 420 520 


: '' ' - i 


4 • 


Overland flow 
and rapid 
Infiltration 


1. 210 


8 495.500 


748 450:' 


- 214 000 


' 9&2.45,0/ 


'401; 110 * . 





' a., Based on unique or varlabrle^ land treatment components.' I.tems that are, common to ^anS haV^/ *, ^ . 
equal costs In all alternatives. are .not Included..; • _j .j. v . ; , , 

* Actual area is determined In the final layout. . yi - • ■ '■. •■y- 'c-^ \ .. ^r; '-^ X 

c. Computed as 25« capital and lOOS operation and malnteh^Tice costs. : . . : | ' ^' . . 

. 1 acre 0.405 ha : , ' .■ ''•■'^..■) [vr'- '\' * .. 



8.7' Process' Design ^ ; . ■ ' .■. ■■■ ; ' ., ■; 

iTi^ this particular .example, the .slow rate, center pivbt^alterna^^ 
found to be more cost effective* t+ian the ; treatment systiefi:. a^ 9f 
ovierland flow followed by rapid infiltrat1bn;Tunder other c 
the reverse may be.^true. For purposes of ill ustrating^^ ;^^^^^ 
design procedures, both treatment system alternatives will ;be^^ 

■ " ." ■' * ' . ■■■ ^ ''.'^^ vS.:': ^^-/^/^ 

8. 7. 1 Slow Rate: ' ■ ■ ■ '-^'- '^ ■> '''^'r.:-^^^^^^^^^ 

The development of the slow rate process design iiicludes an, assessment 
of (T) the hydraulic loading criteria, (2) the annua! an<l nionthly 
nitrogen loadings, and (3) phosphorus and trace metal loadin.g eHte\rfa. 
Also ' included is a discussion of (4) preapplipation treatment^; 
(5) storage design criteriaj and (6.) distribution system criteria. . , 



O 



o f > 
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8.7..3>lj Hydraulic Loading 



For slow rate systerns, het.runoff can be assum^ to be negligible.^ From 
: ■ Table 8-1, the total ahnual T)Vecipitation /(Pr) *of '5'.0.2 in./^^^^ 

^ ■ cm/yr) minus the tqtaV annual, evapotransptration '(ET) of 25.1 in./yr (64 
•:. cm/yr) yields an > .annual , net water excess, of 25.%':1n./yy' • (64s cm/yr) or > 

. ; » 2;.1 ft/yr CO.^ m/yr).. . Thus 'Equation 8-.1 becomes-: • ^ • ■ ' 



.Wp;> Lw 4 Pr - ET 



or 



■• • ., > r': ;■ ■ • . '• .. V ■ ^ ■ ■ • . (Ss- - v.-: ■? 

: ■ ■ •' .■ r' ■ ' ' ' " ■ ■■ ■ - ■ ■ ■ ■ ■ ■■■ ■ 

- : >; ' ...V' • , " "-w + 2J;ft/yr- . \ . 

'i.The amount .o,f percolating, water (Wp). resulting from, the applied 
effluent (Lv^) has a significant -effect on the allowable nitrogen loading 
(Ln)i as' i s, ill us tra ted in the following section. - ■ 



8.7.1.2 'Nitrogen Loading / " 

the annual nitrogen loading can be^estiiiiated. from procedures- in Section 
. 5.1 . 2.2,, as described belowr ' ^ 



•I 



'i s ' 



The annual nitrogen: balance\ usih^* Equ^ ^■•.^ 

■ ' ■ ' ■ ' ■ Ln = U vf ^Vt: 7 Wp Cp ^ ■ ■^5-2;)U^ 

where, l-n, -'wastewater ni tr TIj/acre-yr (kg/ha-yir) ■ 

. • : ; ■ ■ :' .U - cV-op N; uptake = 325 lb/aci?e>yi,(364 kg/ha •yn) "fot^' Reed ■ 
- : ^: ; <:anai^: grass" CXable-BT^ . i ; . " . . 

; ^ ^ ; . v. J). = dieriitrificatidri/;^ 0..2 -Ln (assunie denitri^icati-iihi to -be 
. • / . .20% of applied /rtitrogen). - ■ ' ' 

• i^^ -Wp = ' percol ating, waBr Lw;+ 2.. 1 f t/yr ■ - ■ . ; v; ■ '^^ 

^^^:Cp = design perco^ate N concentration, ,= 10.0'^^^ 



Therefore, 



4 



= 326 + Q.2 L„ + (2.7ji(L^ + ,;g.;l:)X10 ) , 

and t\}e relationship; between the nitrogen leading and the ^ydraul ic^ 
leading (from Equatioav5-3) is: * 

n . n w • . - 

Where C .= applied nitrogen concentration, mg/L 
L' = wastewater hydraulic loading, ft/yr 

Ttteref6re, at/C„ =.28 mg/L .(.from Table B-2), 

' L =. 75.6 L- 

n w 



or 



Now with two equations and two unknowns, the nitrogen /'balance equation, 
can be solved: , . ^ , . : * 

, L;= 325 +.0;2 Lp + (2.7)(L„ + 2.1).(10)- " , 

lS = 325 + .0.2 Lp + t2.7)[(0.013 Ln) + 2'1](10) 

Ln = 325 + 0.2 Lp + 0.351 Lp + 56.7 . : - \ 

0. 45 Lp = 381.7 , 

Ln = 848 lb/acre -yr. ' , 

,The complete solution, for a design percolate nitrogen concentration of _ 
*10 mg/L is as follows: * > " 

1. Wastewater nitrogen loading = l-n = 848 Ib/acre-yr, . 

2. Wastewater hydraulic loading = Lw= -0-013 Ln=. 0.013 (848) - 11.0 ft/yr 

3. Percolating water = Wp = L„ + 2.1"^ 13., I ft/yr 

4. Denitrification/= D .= 0.2 Ln ='170 Ib/acre-yr . . _ ' 

5. Percolate nitrogen loading Pp = 2.7 CpWp = 2. 7(10j 11 J. I j 

. =354 lb/acre -yr 

B. Required field area =.F = 3.06pM=^^ 
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yJhe slow rate, system desi^gn is based on maximum nitrogen uptake by the** 
vegetation. For this design, a coo.l season forag# .grass, such as Reed 
canary, grass,, is chbjen. since it will provide an estimated nitrogen 
removal of 3^25 Tb/acre-yr (364»kg/ha-yr) and provide a-year-rbund cover 

■ for . maximum infiltration, minimal, soil erosion g|ter harvest -(in 
conj^rast to an annual' crop") , and nitrogen response at^the beginning and < 
end of the growing season as a result of an establish?^ root system. .1 

• /•, •:• ■ ; ■ ' ■■ ' 

The' procedure to determine the monthly. nitrogen b^ance accdunts ^or 
monthly climatic ^influences. Thus, greater wast^^er applicat*ons. 
occur when more nitrogen? is needed by the vegetati oft and greater 
mic,robfial activity occurs". ■ ^ > . • *^ ♦ . 

V/ ' - ■ ■ y. ' , 

In orde*- to determine thej optimal system design loadings, mehthly 
wastewater applications (values . 'for L ) were chosen (by trial and • 
erwr) to the nearest inch, so that the pgrcolate nitrogen concentration * 
(C ) was less than, or .equa'l to 10.0 mg/L. For the first cut estimate 
of*' monthly values -for - L--, divide the annual wastewater hydraulic 
]x>ading (from«above) by the nufnber of months in the application season. 
ror this example, the first tHal value for L„ for the months of April 
through October ^ woul.a be 11 ft/yr x 12 in.Vft * 7«mo/yr = 19 in. /mo.. 
For the cool weather months of March and November ^fat the beginninjg and 
end pf , the growing season), a wastewater hydraulic loading ^of 
1 in, /month was assumed. « / 

The monthly nitrogen' loading may be .calculate* using the folljfeing 
equation: 



n . ^ 



: ^ . '■n = °-"":„L„ ■ (8-3) .. 

"..»■-. lit* 

wlrere = wastewater nitrogen loading, lb/ acre -month- (kg/ha -month) 

•C = applied nitrogen concentration, ny/L J. 
.1^ = wastewater*' hydraulic loading,M*n./mo^h (cm/month) 

:■ * ■ ' ' ■■ ^ 

The estimated denitrification is calculated as 20% of the total nitrogen <« 
applied resulting in an annual loss of 147 Ib/acre-yr (165 kg/ha-yr). 
Crop ^nitrogen uptake was estimated at 325 Ib/acre-yr (364 kVffe'yr) and 
distributed monthly by the monthly fraction of the total evapotr«nspira-^ 
tion occurring ' during the growing season, whieh can be estimated to be 
the months of April through October. This assumes that plants uta.ize-r 
n.ftrogen and water at similar rates. Whenever possible, estimation of 
the monthly variation of crop nitrogen uptake should be refined by 
consulting the loc^il agricultural extension -service. Percolate nitrogen 
<F^) was computed as the diffeNrence between application and 
denitrification plus crop nitrogen uptake. The percolate nitrogen 
concentration (C^) was computed from monthly percolate nitrogen 
(P ) (lb/ acre) -and*' total percolate volume (Wp). To calC'Ulate the 
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monthly percolate nitrogen concentration (C^), the following equation 



can be used: 



• ■ - ■ » 



; P„ = 0.227 CX 



(8-4) 



where-P^ = percolate nitrogen loading, lb/acre-month(kg/ha-month)- . 
T C = percolate nitrogen concentration, mg/L (10 mg/L linjit) 

wj = percolating water, in. /month, .(cm/month) ' 

The resulfof the monthly nitrogen balance are presented in Table 8-7; 

. TABLE 8-7 ' 
, MONTHLY DESIGN NITROGEN balance;'' SLOW RATE SYSTEM 

























(Pr - ET). 


Wastewater 


;(D) 


J 


Net monthly 


AlDplied 


nitrogen , 




excess 


wastewater, 


Ibadl ngj . 
vJb/acreC 


Denltrlfl cation, 
. lb/acre° 


Month 


water, In,* 


In.b ^ 


Nov 


4.0 


■ 1^ ■ ' 




*1. 


Dec 

c 




0 






Jan ^ 


4.3' 


0 . 






Feb 


3.5 . 


o; 






Mar 


4.8 


ih - 


6 


\ 


Apr 


3.2 




57 


11 




0, 0.7 


15 


. .95 


19 


Jun 


' -1.3 


20 . 


.127 


25 




-1.6- t 


24 


153 


31 


A«<g 


-0.3 


20 


127 


25 


Sep , 


0.9 


16 


102, 


20 


Oct 


2.7 




. 70 


14 ' 










Annua.1 


25.1 


117 . 


. 743 • 


147 



Leaching 



(U) 

Crop n' 
uptake, 
lb/acre 



(Wp) ■ (Pn) (Cp) 
^^tfrcojate Percolate Percolate nitrogen 
water, ^ nltnogen^ 

at 



In.e 



lb/acre* 



concentration, 
mg/L9 



19 
43 
62 
73 
58 
44 
26 

.325* 



5.0 


. ■ 5 


4,4 


4; 2 






4.3 






3^5 






5.8 


5 


; 3.8 


12.2 


27. 


9.7 


15.7 


33 


9.3 


18.7 


40 


9.4 


22.4 


49 " 


: .9.6 


:-19.7 


■44 


.9.8 


16.9 


. 38 


9.9 


13.7 


30 


• 9.6 


142.1 


271 r 


8.4I 



a; From Table 8-1 
b 



Highest possible -volume (tS>»nearest In.) without exceeding 10 mg/L In percolate (found after a ieries 
• .of trials). ' % ■ . - . : • ' - . , . 



c. L„ -0.227 C^L^; • 28 mg/L. 

d. D 

e. W, 

f . Pn . In - D - U. 



0.2 Ln. 



g.^ Pn'. 0.227 CpHp-, Cp - P„/(0.227)(Wp) 



sume 1 In.M application at beginning and end of growing seasor*. 
1 ComputedAs the average of tfll monthly values. Conservati ve#s1nce nonappll cation 
percolatlKn and groundwater dilution will rejuce yearly average total percolate n1 



seJson rainwater 
trogen. . 



1 In. > 2:M|cm 

«1 lb/acre ^.1% kg/ha 
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The monthly design nitrogen balance results in an annual wastewater 
application of 117 inVyr or 9-7 ft/y^ (3,0 m/yr)., which is slightly 
less than 1 1,0 ft/^r (3.3 m/yr) in the previous annual assessment. The 
wetted field area should .be adjusted to account for the - lesser 
application, so the required. application area ist 

P _ 3.06(365>) Q _ M18" (10) . . ^ . 
r = l_ ^ = - — gyy^ = 1 150 acres (466 ha) , 

W • , 

rather than 1 U15 acres (410 ha). 

The. permeability for* the soil .surface (infiltration rate) and subsoil 
can be evaluated on the basis of the maximum monthly liquid application 
to the soil surface. During vJuly, the wastewater application of 24 in; 
(60 cm) and me'an precipttation of 3.8 in. (10 cm) and, evapotranspi ration 
of 5;4 in. (14 cm), add up to a monthly infiltration of 22.4 in. /mo (57 
cm/ma). On a'weekly basis, .the maximum hydraulic loading would be about 
5.6 i.n./wk (14- cm/wk).. For the^Bomoseen sandy clay loam with a soil 
permeability of 0.6 in.*/h (1.5 cm/h) and a perennial forage cover, the 
total application could'> be infiltrated within about 9 hours. This 
represejnts less* than"6% of the total time in a week, ^ so an^i-^ppl i cation 
schedule based on equipment capacity can be detefmihed^. 



8.7.1.3 Other "Mass loadings 



The mass application of phosphornh and trace metals to ^he site can be 
assessed to determine if they would limit to'ta^l wastewateV' applications 
'over the 20 year design life of the project. The phosphorus criterion 
is t)as€d^ on the total piass application, phosphorus removal in 
"vegetation,' and soil retention by adsorption and precipitation. The 
trace metal criterion is based, on mass appl ication over the life of the 
project for. elements retained in the soil , and applied concentrations 
for eleffl^ts that are not retained. 



At the annual application rate of 9.7'f:t/yr (3.0 m/yr)' and the total 
phosphorus concentration of 8 mg/L (as P), the annual application is: 
(2.7)(8)(9.7) = 210 Ib/acre-yr (235 kg/ha-yr). The Reed canary grass 
will remove 40 Ib/acre-yr (45 kg/ha'yr) (Table B-1) during haryest, so 
the net appl ication to the soil is 170 lb/acre :yr (190 kg/ha :^^r) .i/.^^ 
sandy* clay loam soil will * have excellent removal of phosohoruS' as a 
result of the clay content. The 3 400 lb/acre (3 811 kg/ha) phosphorus 
application over 20 years can be completely adsorbed in the top 22 in. 
(56 cm.) of the soil with a 5 day adsorption capacity of 50 mg of 
phosphorus per TOO g of soil anrd a bulk density of K3 g/cm^. This is a 
*qonservative estimate s-ince it has been estimated that the phosphorus 
retention (including chemical precipitation) may be at least double^that 
measured by the 5 day adsorption test. * ' 



The mass appVication • of trace metals should ''not pose any further • 
limitations at the proposed site. For the applied concentrations; the 
mass applications,>^re below, the .recommended maximum, for use on- 
agricultural soils (|able' 8-8). • 



TABLE 8-8 



TRACE METALS- IN SLOW RATE DESIGN EXAMPLE 



Element 


Concentration in . 
raw wastewater, 
mg/L 


Concentration 
applied .to 
land, mg/L 


Hass 
applicati on, 
lb/acre*' 


.Maxinum 
loading 
criteria, 
lb/acre^ 


EPA. 
Drinking Water 
Standard, *mg/LC' 


Cadmium 


0.01 


0.008 


4 


8 


o.or 


Chromium 


6.03, 


0.0?^ 


10 • . 


82 


O.OS 


Copper 


0.22 ; . ^ 


0.10. * 


52 


164 


1.0 


Uad 


0.01 


0.005 


, . 2.6.. 


4 080 


,$.05 


Mercury , 


d.OOl 


O.QOl 


0.5 


.....<1 


0.0!B2^ 


Nickel 


0.03 *' . 


0.02 


10 


164 


No standard 


Silver 


0.001 


0.001 


.0.5. ■. 


e 


0.05 


Zinc 


. o.3r ^ 


0.20 


: 105 


1 640 


5.0 



T 



a. On the basis of 9.7 ft/yr and 20 yr life/ Example; ^d . 
» (2.7)(0.pp8)(g.7)(20) - 4. r 

. b. From Table b-4. ^ • ' . 

c. From Table 3-4. . ' ' ' ' 

d. No suggested limit since retentlbh Is very high and applied concentrations are 
below^rinking water standard. ^ , 

e. No limit since most applications are too small In comparison with drinking 
water standard. , . ' 

% 1 lb/acre« 1.13 kg/ha ^ " " 

8.7 J .4 Preapplication treatment . ^ ' 

■ ■ / 

Preapplication treatment is -included as a unit process in this design 
example as a means of odor control for the 20 week winter storage- period 
and for a reduction of suspended sdlids to minimize clogging in the 
distribution system. The treatment Removals of nitrogen, phosphorus, 
and ' other wastewater organic and inorganic constituents are not 
dependent on a specified level of treatment before application to the' 
land, .so partial oxidation of wastewater orgalnics should be, adequate. 
The Jong-term storage pond should provide for additional wastewater 
treatment during the retention time of up to 20 weeks, so preappTicatiqn 
treatment by aerated lagoons to risfluce 60D down to a concentration of 60 
mg/L should be adequate. Other processes exist to oxidize wastewater 
organics before Mpl|Gation. to the land, but for the purposes of this 
exa'mple, aerated^ lis^ons are considered the most cost-effective 
alternative. vA* fiirther'Veaiibtion. in BOD will occur during the 20 week 
^toraae period. 



unsprayed areas between wetted. circles can be made. The costs (Table 
, 8-6) were estimated on the basis of a maximum sprayed area of 134 acres 
. (61 ^ha) per sprinkler unit, wi th the rotating booms typical ly available 

as multi pi es^ of 100 foot lengths. / ; 

To cover the required field area of 1 150 acres (466 .ha), 9 units^of 
' 134 acres (61 ha) each . will l)e used. Each unit has a rotating boom 

radius of about 1 300 ft (397 m). The total area requirea woul d be 15 
/ to greateV, depe^iding on geometric layout of the circles and degree 
\ of end v:ar'e^i coverage from manufacturer's specifications; 20% should be 
. asisQm^d, \S0. the require^ area for applicatiarivis 1 38U acres (560. ha). 
V ThefappTiK:atfon frequem:y^ should be as as( possible, again depending 

• ..on manufacturei^^'s specifications, but at l.east^2-to 3 rotations per week 
arre desirable; vtQ fninin^^^ the high instantaj^ieous rates needed, to' apply 
.all the wastewater' tS)Vso:il-;^ ' y 

• ■ r A' S'^^ • ^ ^ . . ^ ■"\y^. 

■ ' ^ ' .-"r . :.. .'. . . •. M,''-' ' \ : ■ . ■ ' ■ . ■■ . > V: • . .... :■ ■ ' . ,, 

' a. 7.^. 6 .. Summary fotjSlow. Rate System Design V , . • 

A summary ; of the ^principal design ^factor^ for thfe- mps^'cost^^^^^ 
■ alternative^, slow/" rate treatment by\ centen \pivot di^ 

• 'pre^^nted in Table' 8-9. - ^ '.■■\,,/]'' y '^v ^ \ ' 



JABLE .b-9 



DESI(^ FACTORS, SLOW RATE TREATMENT , WITH. 
■ CENTER PIVOT DIstRI-BUTION , . 

jinnual wastewater application, ^t 

j^llcation season, wk 

rage. . ^ , 

^balance , 
fr llj/acre-yr > • . 

ficatlon, Ib/acre yr 
take, Ib/acfe'yr . ... 
Ite, lb/acre -yr 1^' ' .\ . . ; . . 
Jthly percolate fttcogen concentration, mg/^ 

ktilonxtreatment detention time,' d 
lagoons , . ^ ; " s / 

lagoons (maj^ltnuiu) / 

Pqulred/ ac^res , \ 

/area ' , ■ 

1> field area (center pivot only)! 
^Aerated lagoons r-. i v'; 

S-tQra^ lagoons " . v. ' vs; 

^l|^«^DtaV. { Including Tut ,t&r; mjsceVlaneousi 

y'^diclonal application criteria 

Maxlmuni'monthly infiitratiT)n volunie- {Jg^ 
^ Khosphoriis retention (requrired soli^ voltii 

Conservative 'jj^ ' 

-Realistic • , - ' 

Vr Ace metal s. 



1 f t = U.JUb m^ 
1. lb/acre = 1.1? kg/^a 
1 acre = 0,405 ha ' 
1 in. = if.b4 cm 
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b.7.2 Combined' OV;erland Flow and; Rapid Infiltration 




•5 



#^'det^s^^^ for the combined system of oveVland flow fallowed, by 
''tration' i4 presente^^ here.- Hydraulic loading rates and 
listributi'or) systems are discussed. Preappl ication treatment 
Vbquiremehts wil 1 be the same as for a slow rate system. 



.2.1 Hydraulic Loadings and Cycles 



^oV^er^and flow' system will be loaded at 8 in./wk (20 cm/wk) for 
iXiJnately 22 ^f vtfie 32 week application period. Applications will 
r 6^h/d ofi a 6;^ d^wk schedule. This allows lb h/d of renting, plus a 
day^ of resting once a week* Thi s cycle, is typical of operating 



0ns (see Section^ b.l .4, 7. 11, . and 7.12). 



rfture .vi^ 
tt^trns:^^^^^^^ 



,d from. October to May, there will be days when the 
be:b.elow freezing and storage will be provided. When 
avoralbl^ in this time period, the overland flow system 
at .4" in./wk (10 cm/wk) by operating 6 h/d for 
d/wk.:^ - . , ' : ■ 






infil tratlonlsystem wil 1 receive the treated runoff from the 
^low slopes, ii^vtrogen removal is nearly complete in overland 
^;hQ .r?pid ipffttration system can be managed to maximize 
^l^o.adlng jates (ratfier than to optimize denitrification, as is 
when /rapid infil tratio,n receives a primary Qr secondary 
Yihi). ThuSr/.applvicatiori will b^: .for 2 days to a s6t of basins with 
day drying .period. Therefore, 42.6 in. (108 cmY of water wil 1 bp 
over Z days followed, by resting. The water shbuld Infiltrate 
in a day aftpr^apipl ication ceases. Using the ^procedure in Appendix 
field testing*^ should be c.onaucted prior to final design to verify" 
adequate / infiltration rates. The flooding basin, techfiique, as shown in 
Figure C-1,, sKouTd be used for the 'determination of infiltration rates/ 
t's recomme.nded that several 20 ft2 basins, l^ted in repre- 
.sentative; aree^s pf the . site, be employed. The.resulMkg ii?filtration 
rate* data shoUld be analyzed according to the procedure ^d.t-gfcussed in 
Appendi)<: C (Section C.3.1). * 

SoiTf borifigs at the proposed rapid infiltration si te .s^oul d al sp be 
examined to.: verifyvthe lack of restrictive layers in this soil profile. 

. */v U.-7. 2. 2 Distribution System 



overl&nd flow, the aerated lagoon effluent would be applied using 
/bubjDling orifice (surface application technique used at Pauls 
yaTley, Sec^^ 7,11). The application would be at the top of 'the. 



For 
the 
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150 ft (45^iTi) long slopes. The slopes would be between 3 and 4%. The 
runoff would be collected in a series of ditches and conveyed to the 
rapid infiltration basins. Overland flow effluent would be^pplied to 
the' rapid infiltration basins'on a cycle of 2 days wet and 6 days dry. 
The 100 acres of basins would be divided Into basins ranging in size 
from 3 to 10 acrei each. Four sets of basins (A through D) with each 
set containing about 25 acres would be estatlisfhed. For 2 days the 
application would be to set A, followed by sets C, and Do'n rotation.^ 
In actual practice some basins will have higher; and some lower i nfil 
trsition rates and the length of flooding and drying can be modified 
accordingly. ^ ^ - 
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. • . APf'ENDIX A/ . ' 

NITROGEN 

A.l Introduction . ' 

Application of wastewater on land,* as^ compared to the more xornmon prac- 
tice of discharge to surface waters, has a number of advantages to 
recommend it. One of these is conservation of valuable resources in the 
form of contained 'nutrient elements. Only one of these nutrient 
el ements,-^-nitrogen--^is considered here. Where it is feasible to do so, 
it is much more logical' to u^e nitrogen, tlie production cost' of which is 
continually increasing, in the production of essential food ;and fib.er 
r^ather than to treat it entirely as a waste. -NearTy . all so^^^^^^ 
to additijons of nitrogen by increasing production; .however, the require^^ 
ments of nitrogen for optimum crop product^'on and the heed to treat 
large volumes r X)f nitrogen-containing wastewater may not be in balance.' 
Nitrogen applied to soils in amounts' gr,eatly in excess bf crop needs 'and 
allowed to Ipercolate to the groundwater may result in contamination of 
the graundwater through leaching of • nitrates" below the, root zone. 
Nitrogen transformations, removal, mechanisms, and overall removals by 
the land treatment methods are descVibed in this appendix. . 

' ' ■•• ■ ' ■ ■ ■ ■ ^ ■ ' \ ' . ' ' ' ; ■■" ■ ■• ■ 

■ ■ . ■ • • .< 

' • . • - . ' . ■ \ • • • 

A. 2 Nitrogen Transformations ' ^ 

. . . ^ ■ • , ■■ ; ' -.r ■ ' r ' • ' ^ ■ 

- A. 2.1 Nitrification 

^ ■ ■ ' • ' ... ' ■ • ■ . * 

In discussing rempval of nitrogen from applied wastewiiter,. itvis, impor- 
tant ta understand something about the complex and interrelated. series 
of nitrogen transformations^ that may occur in soils. The piredominant 
form of nitrogen in wastewater is usually ammonium, although some ni-' 
trate is /also lil?^Ty to be present if the preapplication treatment pro- 
tesses have inclu'aed one or mare/aferobic stages. A small quantity of 
organic nitrogen, of which a paft Is soluble and readily convertible to 
ammonium through microbial actipn', is^aAso usual ly. present. Insoluble 
organic nitrogen associated with the particulate matter .is also convert- 
ible to ammonium, although .somewhat more slowly; When wastewater is 
applied to soil,, a variety of reafctions are initiated, some biological 
and some nonbiological . Of the biological reactionsj, nitrification' and 
denitrification are very important. Nitrification is important because 
it converts a form of nitroigen not readily subject' to leaching to dnfe 
that moves readily with percolating water. Denitrification is important 
because it is tlie principal process by means of whicii nitrogen as 
nitrite- or nitrate^ is lost from the soil system through conversion to 
gases that may escape to the atmosphere. ♦ • 




A. 2. 1 . 1 . Ni tr i fy i ng Bat 



The Vconversion of ammonium to nitr»5^in soil and water systems is due 
-primarily to activities of a few genera of ^^autotrophic bacteria^ of which 
■ Nitrosomonas and Nitrobacter are the most important.. These bacteria are 
normal soil inhabitants and are usually present in sufficient numbers to 
convert added ammonturru to nitrate rapialy and completely, if environmen- 
rtal coridi ti ons are sui tabl e^ " Schl oesi ng an^^^ 

bi-ological nature of the nitritication process by pouring sewage 
containing ammonium onto columns of soil mixed' with limestone and found 
that,' aftei*- the,.elapse of a .few days, nitrate appeared in the effluent 
att. the bottom, [1 J. ' ^ ■ ■ ' / / 



The nitri'fyfhg. bacl&eh^. are obligate aerobes that derive their energy 
from the . Mochemical ^^^acti involved, in ojcidation of ammonium or 
nitrite* The principal reactions may be written as follows: 



NH4 f 



H^O 



+ 2 'H 



- , 'NO2 + 1/2.0^- 



•N0< 



■(A-2) 



The first reaction is carried out by bacteria of the genera Nitrosomo- 
nas, Nitrosocoifcus , Nitrosocysti s , and Nitrpspira; the second is . accom- 
plished by Nitrbbacter and related, species. These ba-cteria. require no 
organic matter as a source of energyic A nurnber^ of heterotrophic,. nitri- 
fiers- are known to occuir, but their ^ictivity appears to be slight com 
pared to that of the autotrophic' fonns .12]. Al though nU 
teria are - abundant in most so^s, populations may pe initially lo 
subsoils or in coarse-^^textured^soils that are prone to be \dry mt 
the time. In such soils, several weeks may , be required for nitrif 
to attain maximum numbers after application of wastewater is begun. 



\ y: A. 2. 1.2 Rate? of Mi trification ' >/ - 

' - ■ ■ • ' ' ■ ' ■ . . ■' 

Rate constants basea on the assumption of steady state condi^thrns^^^ 
first order kinetics have been published '[3]; but thesfe may have lit 
value in. relatipn to field situations where soil properties, population 
size, and other variables are subject to considerable fl uctuation,' ^Rate 
constarrts that have been normalized to take into consideration the size 
of the nitrifying population are more "co^riparable from one sbil. to 
.another, but are impracticaT for/application to field conditions owing 
to', the difficulty of obtaining rel iable counts. Under favorable mois- 
ture and temperature conditions, measured values of ammonium cohyei^ted 




to ' nitrate ^ranging from 5 to 50 ppm nitrogen per day (soil basis) have 
been. y reported. [4^ 5L Jor purppses of calculation, if one assumes a 
depth of only 4 ■ in. (lU^m) of soil implicated in the nitrification 
process owing to ammonium adsorption near the surface, it can be deter- 
mined that these r'ates are equivalent to 6 to 60 Tb/acre-d (6.7 to 67 
kg/ha 'd) of nitrogen. The lower rate woulcj be suffjcient tOr nitrify the 
ammonium ; in 1.2 in. (3 cm) of wastewater per day cqntaining JiO mg/L of 
NHJ; 'and' at the upper end of the range » 12 i n./d (3u cm/d) could be 
. accommodated. Even higher ni tri fication rates in soil col umns have.\been 
reported [6 , 7] . • These cal cul ations are consi steqt wiVth: observati 6ns 
that complete conversion of input nitrogen to the nitrate ffe ocfeurs; if 
wastewater application periods are short enough to prevent development 
,of.*ahaerotiic conditions [b, .9]. . i.: v ' • , 

,• ■ ...... . ■ . , ■ ■ ■ ■ , ■ ' •. )L / ; ; • • ■• 

' ^' , ■■■ ■ ■ •. ." ■■ ' ■ ' '• ' ' ' "' 

The tendency; of soil s to adsorb ammonium near .the surf ace-.may result in 
temporary buildup of ammonium in*^ shallow, layer, particularly if the 
nitrifying 'pojJulation has not been incre'ased by previous inputs of ammo- 
nium. This '^situation results* subsequently in a wave of nitrate at a 
high concentratio^n fpl lowing the increase in the number of ni'trifiers/ to 
a level that permits rapid oxidation of .the adsorbed animonium. This is 
illustrated in Figure A-1, where wastewater ..co|itaining 42' mg/L of 
NH|-N appTi ed to a soi 1 col umn . at the i riat.e,.Qf ' 3 in . >(wk ( 7 . 5 cm/wk) 
produced an effluent containing up to 107 jng/L of NOg^-^ [10]. Following 
the period ^f population buildup .(about 5 weeks in this soil ) , ammonium 
was nitrified as rapidly as it wais' applied,' and nitrate concentrations' 
fell to the input levelv A recurring nitrate, wave phenomenon is readily 
observed in ' sys.|:ems of alternate flooding and drying [11], Here it is 
due to the» intermittent nature'- o^^ njtrifibation, which occurs only during 
the drying cycle when* oxygen is' a vai-lable. . 

.'" ■ ■ ■ . ' s / ' '. ■ . ^' ^ • ■. ■•• . '■ ' 

The rate of. nitrification is much 'more likely to be inhibited b^ lack of 
o'xygen .Or low temperature than ^by an inadequate population of nitri- 
fiers. The usual situation in soiYs is .that nitrite' rarely accumulates, 
indicating that the Activities of Nitrobacter . proceed. more rapidly ttian 
does the oxidation pf^ariimoriiunr. Nitrite oxidation is. iVhibi ted. by free 
• ammoni a in .1 iquid sy_^tems, .particularly when the pH i s. al kali:.ne; but in 
.•soils, adsorption gf ;ammoiw urn prevents this inhi frxJrti becoming a 

practical cpnsideratton in most circumstances^ 

Prolonged appl ication of hi gft"; ammajji^^^^^ as^ si ud^e;. 

may ■ ;res.ill t in loadi ng that exGeedis;!;^^^ adsorption capacity in 

, which case free ammonia may reaefi sufficiently' high to 

.rejard nitrite^-bxidatiori. .^ ^. ;■; 



MItRATE IN EFF.LUEKT FROM A COLUMN OF SALADO SUBSOIL 
> RECEIVING. 3 IN./WK OF WASTEWATER CONTAINING 42 mg/L 
. ; NH|-N, SHOWING HlGH-^lITRAtE WAVE [TO] 




The ; theftreticil oxygen' Requirement; in. nitrification is for about. 4.6 mg 
oxygen *pejr ,mi]JigraiTi* of-'^n^^^ Although the hltrifi.er^ are^^^^ 

^gate'aey^obgs^ they wi31 cohti^hiie to function at oxygen concentratidns 

' well below tha^^ofcthe atamosphere^IU; IS].- ' 



. The irate' at which o>ygenMiffu^e6^ to. the* §itj6^^^ where?Tii tr-ifyi ng bacteria 
: are Toc.ated in relatipii. to the raie of oxygen. util izatipn is.>6f critical 
; V iniportance. Studies ^n wa'^itewaier Jtre the 
minimum level of uisS'olved. oxygen that "wi^?^^^^^ oxidation , Is 

around 0.5 mg/L [14.] 5 a In 'splJSj^ If impossible to mealsiire the 
dissolved oxygen in ; -^tj^ micrbsiites^^l^ bacteria, and in any 



' ■ ^ .. -'^4^ ' '']^■^- 
evenjt the situation'is complicated by th^ •jiiS^senGe'^o^^^ 

► fie.tcrt^^^ which may use a greater propoVtfon of Hth^ 

tliagf^o the ni tr i f i ers^ if. pxi di zable cartyom' i s aVai 1 able • ' i Thu s ,^ / : • ^ 
ana#i6bic ' condition may readily develop in ^the -sma^^ 
unsaturated soilsV Lance' et al;iv1ipund*tha diffusion and mass /lot^fi^ 

^ of . oxygen were important ais ; transffbrt, mechani sms between- periods of 

' jntermittent/f 1 oodi ng i p rapid i nf il tration i Continuous appl ica1;ton ' ; 

'/of wastewater to soils stops nitrificatijon below th^ ;imnfedi siirface' 
by ftlltng soil pores and preventing dy^ oxygen, dowhwar^^ 

overland fl ow systems, ni.trif icatton can plroceecl as a result of ae^ . 
of surface water as it moves over ihe land' vta^sttee^ ■ ■■^■•■•^^^k , - 



^0 



Carbon dioxide iS: required by nitrifyirigYbatteria as a sdurc^i Qf^6alrbdn, 
but since wastewaters usually contain considerably more bicartwnate^^^t^ 
ammonium, there is little likelihood that nitrificati^on is 
by IjicK of 'eO^ In lapd application; : ; • y^^ - : .v ^' 

i ' •• .. ^' : ■■'^^^-■'^ ■-■■■y; '^^ 

i ^ A.2Vl..3vZV; l^mp&rature:v^.,;^^ 'Ur , -X^ 

Likie all biqlOgical processed, hi trifi cation* fsS^i^aWected'by' tew^ 

Jhere is evidence that' tii tri f i ers can ^[daprt tO ^^ 
envfrbriment -to $ome extent [16],' but the "Optimum us^^^ 
75 and as^F' (2^. and 35;c ) < Mi nirp^jm temper a tui;;^^ -Ibw'as 36°F Jt2;*C;) ; 
have been .reparted [5, 17]. A$> ? . rule of t^^^ 
nitriYiers increases by a / f actor of 2 for* ev|^r^^^ ;ri5e;tn ^ 

temperature. Ob VT^^^ ni tri f icatiSn .i S: sto al together :When-^ 

,'are^' frozen-. • ^ . ' " ' ■^■ ■-■■^ ■' ■ 'i,-' 
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-l--^- ■ v■■■-^.:.v^■•:^■■..:^A*^.. ^.v/.■ :"rr- - -■.■^v -' 

■ The /optimum pH for nitrificatiOn''is, in tM^ 

range correspondi rig ploseiy to the pH of;"f^^^ HoweViBr, when 

.wastewater is applied to soil , the control 1 trig factor is usually the pH . 
of the. soil ' becatise of the much ;;higher - buffer/ C^praa^ Soil s 

■ coi^aining any appre^^iiable amount of ;clay;;artd: orga^ : th'^ P[H. <^f 

• ver^ coarse textured soil s'/^m^^ be al tered somewhaf» 

: .wastewater,- 'parti cularly ■ wi\th^ high-rate. appl i ca^iohs^ilPi 
' falls off : sharply in acidC;:$oiis, Xfmlting- value in 'the'; 

neighborhood of pH 4.5 \^ i - • ^ ^- : / 

Hi' tnifi cation is an ^ ^cidrfoming . :prpc^^^^ 
protons for each ammoni,um: ion oxidized; out the pLresence^of-J^^ 
and other bCiffering substances in was^tewater is* usually siiffici^^^ 
iiJ^^u^T t ze/ the_ac id^ a.s 1 1 is formed tlb]. : Wi th prol on^d appli cati on of 
wastewater/^ ever\'~Tt?^n^ acidic soil s may^ be: made^tieutr^^^^ al kal i ne 
[19], indicating that acid produced during nitrifi cation "ddest not play a: 

* dominant role^ . , ' . ' ' ' : : ; " . ' ; 




A.2.2 Denitrification > 

■ • ^ .■ ' . ■. ■•'V : ■ • ■' 

A. 2. 2.1 Microorganfsms . ' . 

rj}f\e important bacteria in. denitrification are heterotrophes belonging tq 
this genera Pseudomonas, Bacillus , Micrococcus , and Achromobacter » une 
of the autotrophic sulfur-oxidizing bacteria, Thiobacillus deni'trifi - 
.,£ans, may also pl/iy a significant role in denitrification where redacted 
'.forms of sulfur are present. The deny^rifiers are facultative anaei^dbTds 
that preferentially use gaseous oxygin, but can- use nitrite andjr'hitrate* 
as electron acceptors in place of oxygen when concentrations of oxygen 
become very low. Denitrifying bacteri^a, i iie the nitrifiers,. are common 
soil; organisms of widespread ;distribution. Focht and Joseph repor^d 
very little, correlation between denitrification rates and numbers of 



denitrifying bacteria in ^oil s, indicating that/ fdct<)rS other than popu 
lation size, are likely to be rate-limiting [20]^d||^^^ '^h%%f> 



Energy SouFces ^^'-^ - '^^ • --r 



The denitrification rjeac;^i.on may be wriUen " . 

\ Cq\]^2^6^:^ ^ (A-3) ' 

' : " " ' . ' -^'C . - • ^- ' •. 

where gluccJse is useUj^as an.vexample pf an organic energy source. In 
this example, 3.2 g / of glucose is required for each gram of nitrogen 
denitrified.. The decomposable organic matter required for denitrifi- 
cation may be present in the soil, may be carried in the wastewater v^br 
may be produced by plants growijig on the sOil- For municipal wastewaters 
that are applied after having been stabilized to .the degree that niost of 
the BOU has been removed', the organic matter status of the , soil to which 
the waAer is appl ied ' is Jikely to be- more important than that of the 
wastewater itself for slow rate appl ications. Xannery wastewater with- 
its high BOD i s -an exception, as are certain other, types of industrial 
wastewater. The typic^il distribution of organic matter in soils i^ such 
that the high ' concentrations occur at or near the surface and decline 
progressively with depth. Moreover, the availability of organic matter 
near the soil surface as a source of energy for microorganisms is often 
greater than that at lower depth's.. Gilmour et al% showed that a flooded 
surface ^bil containing 0.yl% total carbon denitrified added nitrate 
readily without or'ganic amendments, c^ut the subsotV containing 0.48^^ 
total/ organic carbon tailed,, to denitrify unless an available organic 
substrate ' was suppl ied [ifl ]1> This means that the zone of (nost active 
denitrification. is likely to be near ^the soil surface in spite of its 
proximity to the, atmosphere. This has been demonstrated in field 
experiments by 4^olston et, al . who observed maximum rates of production, 
of N^O anci within the top 4 in. (lu cm) IZZJ.. Nitrous^xide is 



an intermediatfe in denitrification and may be evolved from soil before * 
it.l^as an opportunity for further ^!feduction-to N2 , particularly when 
it [Produced near the ^sij^r face. HcGarity and Mye-fs observed a close'< 
•correlation' between denitrifying activity and total carbon in some 
soils, wKereat^n others there was little or no <:orrelation with organic' 
matter* 4)arameters [23]. They suggested that this was due to localized 
accumulation of smal 1 quan^ties of energy-rich available organic 
matter. ^'With co^ftinued input of wastewater, -any such accumulations 
w^d disappear. ^ . ; 

Stanford et al . f Sfund- ; a highly significant correlation between total 
soiV*^:arbon andlMenitri fixation irate constants for a group ^f 30 soiU 
of. diverse 'properties.' \ A still better ^orreTation^w^^s obtained with 
extractable g^lucose carbon [24]. Still %6t artswered,* howe^yer, is the 
question of whether such rate constants based on the assumption of first 
order kinetics* wortd hold up ovqit longer ^r,iods than. ;^;he4>ti days used 
for. their determination. Since rate constants ^are related to\available 
carbon; it is likely that they would decrease over time,,. 




Elemental sulfur ^ qr sulfides can also a^"used as. an -e^i^rgy source for 
denitrif] cation, as hal* beenwhown by Mann al . [25]. ^1 fides may 
pla^ a role in denitrification in marshland, or where anaerobic sludge 
^is disposed to land. ' ^ ■ ' . ^ 

In ap.gl ic-ation of high BOD wastewater, such as 'cannery wastes, rapid 
denitrification is very probable. Law et al* reported 83 to S0% removal 
of total ni"trogen* from overland flow treatm^t of cannery wastes [26]. 

■ ' ' . ' . • •,-» '• 

A.2.2.3 Aeration ' ' \ . - 



The threWo^ cqnc^entrati on which inhibits denitrification has 

been shovm Dy Skerman and MacRae to be very low, in the vicinity of 0.2 
mg/L [27, 2B].^ Temporally or spatially restricted anaerobi sm isv a 
feature L^f virtually all soil s. Temporary saturation may occur during 
wastewater, application, with exclusion of oxygen m)m the, soil pores, or 
oxygen d^iciency may / develop in an unsaturated^soiX if the rate of 
consumptior> exceeds'the rate of replenishment. The latter circumstance 
is especially likely in the: smaller soil pores. Thus,, denitrification 
may take place in ^a soil considered to be well aerated. Prolonged 
exclusion of oxygen from/ the soil, as in <:orftinuous flooding, causes 
denitrificatron to cease^from lack of ni trate;%nless this is present in 
the input water ^/iTall^e et al . reported that, in columns of a loamy sand 
loil, ^both mass f tow and diffusion were important mechanisms of o)^gen 
transport duri ng intermi ttent f 1 opdl ng wi th secondary ef f1 uent [6]. 
ihey ^nfted that I enough oxygen entered the soil during a b day . drying 
period 'to oxidiie all the Ammonium appl ied during 6 days af high-rate 
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application '^of wastewater containing. 20 mg/L of NHl-N- Application oil 
ammonium In excess of that which could be oxidized during the drying 
period resulted, in ^ .increase of NH4 in the reclaimed water. 
Klausner and Kardos reported J ittle effect of secondary '^sewage effluent 
on o)vgen diffusion jates in silt loam and clay loam so.ils over the 
appl-ication ran^e of 0 to 2 in./wk (0 to 5 cni/wk) [29]. 

In overland flow, a sharp gradient in oxygen concentration can develop 
between the thin layer of wat^er in coritact with the a'tmosphere and the 
underlying soil where an^anaerobic zone may develop just below the soil- 
water interface. Nitrates formed in the. aerated flowing water can 
diffuse. into the reducing zone of scl*it and undergo denitrification [lb]. 
The development of this reducing zone is favored by the high BUD of 
wastewaters and the relatively impermeable soils to which the .overland 
flow system of treatment is adapted. 



A. 2. 2,4 Temperature 



The optimum temperature for denitrification in soils is very high, 140 
to lbU°F (60 to 65°C), but Stensel et al , reported little temperature 
.effect* in the bb to b6T {20 to 30°C) range [3U],' Of'greater practical 
importance is the minimum temperature, ,Bremner and Shaw observed very 
sTIaw denitrification at 36 and 41°F (2-and 5°C), but the rate increased 
very rapidly up to 77°F (25°C) [31]. ^ 

* . > . ' ■ ■ • . , . ■■ V o . ' . 

^.k.^.b pH . 



Denil:rification gs very slow in acid soil s, increasfn^'^rapidTy with 
increasing - pH up. to the neutral -tp-sl ightly-alkal ine range [32,'^ 33], 
Denitrification affects soil pri according to the reaction 

■ - 

NO3 + organic matter — + H2O + CO2 + OH" (A-4) 

■ ■ ^ • 

and has the effect of neutralizing a part o^, the acid produced in 
nitrification. The relative balance between nitrification and 
denitrification will therefore have an influence on changes in soil pH 
resulting from wastewater application, although other factors are of 
greater importance in regulating pH, as has been indicated. previously. . 

A. 2. 2. 6 Nitrate Concentration 



The denitrification rate is independent of nitrate concentration overv 
fairly wide range [32, 34]. Recently, Volz et al . report* 



denitrifi cation to be a zefo order reaction, but with the possibility of 
some dependence on nitrate concentration at very low nitrate levelV 
[35]. Over the range of nitrate concentrations that commonly t)ccur in 
wastewater, there is little effect on denitrification rates. 



h.Z.Z.l Effects of Living Plants • 

■ . ' ' '. • / 

• The presence of living plants ^, has been shown to stimulate 
'^denitrification [3fa, 37, 3b]* Woldendorp attributed thi^s/ to two 
effects: (1) low oxygen iS^nCentrations in. the rhizosphere produced by 
respiration^of roots and microorganisms,; and (2)' root excretions serving 
as a source of decomposable organic matter [36]. Similar conglusions 
' wpre reached, by Stefanson, who reported that in the presence of plants, 
^ .N2 was evolved preferentially, while in their absence, N2O accounted 
' for most .of the nitrogen loss ^ [37]. Woldendorp also suggests the 
possibility of stimulation of , denitrification by specific amino acids, 
secreted by plant roots .[38]. The role of living plants in the-denitri- 
fixation -.process Ms particularly, important in slow rate, and overland 
f16w systems. . 



.A. 3 riitroge'n Remov-dl from the Soil System 
' . A.*3.V Crop Uptake 



/A major- jadvantage of. applying wastewater to land is the possibility of 
/, ' recycling part of , the plant nutrient content. The important 
consideratior]! from the standpqint of nitrogen content is the^ 
. relationship between the crop requirement and the quantity applied im 
the ' wastewater. It should be recognized /that a crop does not utilize 
all of the mineralized nitrogen in the root'zone. The fraction of totj^il 
. nitrate in the soil that is assimilated by the roots of growing plants 
^ " Varies^ tremendously, depending on the nature of , the plant, depth and 
•distrfbu'Clon of rooting, nitrogen loading' rate, rate of moisture flux' 
g " ^ro^gh the root zoi^e, and other factors; but in general, the efficiency 
of uptake Ts not high. Grasses, parti^cularj[y perennials, ^tend to b€f» 
somew)3at;mor^ efficient than row crops. It is obvidusly advantageous to 
: , have the crop growing actively during alV or most of the year in order 
to maximiie . nitr'ogen removal in wastewater application,, but climatic 
restraints make this, impossible in many location^. Terman and Brown 
[39] calculated by means of a regression procedure that average nitrogen 
.recovery at all rates by Bennuda grass in the experiments of burton and* 
' Jacksan [4u] was 59%. 

■ ' :^ .... ' \ - ' ■■ ' ■ 

' The most accurate estimates of nitrogen uptake efficiencies are tho/^e 
•. . obtained by .. use of isotopically/ labelled inpQt nitrogen, but few of 
• th"ese " are available. Apparent. Uptake values are often computed by 
' dividing the quaiptity of N fdUnd ia^he crop by the quantity applied. 
: . . Where the amount of indigenous soil nitrogen is Targe, the discrepancy 



between, actual and apparent uptake may be enormous. Some eompaVisons 
for corn, where actual. N uptake was determined by the isotope 
procedure, and apparent uptake, by the conventional procedure, are given 
in Table A-1 [41]. ■ . 

^ . • TABLE'. A-1 . ' '* ■ ^ ■ / ' - ■ 

■ . . NITROGEN UPTAK^' EFFICIENCIES OF CORN IN RELATION TO. 
QUANTITIES OF NITROGEN AND WATER APPLIED [41] 

Percent 



'■ "-^te — - — — 

. 2i '.».)jf ' • Irrigation water applied 

/ 7.9,in. 23.6 in. 39.4 in. 

' N applied, ' 



lb/acre*^ Actual Apparent ' Actual Apparent Actual /^pparent 



80 57.1 173 « 55.4 182 ■ 55.7 172 

'J • ' ' ' 

16« 54.^ 122 . 63.2 139 : ' 64.7 123 



■>5 



320* • ..42:3 ■ 68.6 43.8 75.-5 48.0..- 7^8.6 



1 Ib/cfcriWl.l^ kgfhf 
I in. = ■Z.^V4. CJn ■ ■ 



5opper and ICardo's.in Pennsylvania diSmputed apparent reqioval efficiency, 
values 6f \ZM and-' 334%^ of total appl ied nitrogea by two varieties of 
c;orn»sila9e receiving J in./wl<f^(2.5 cm/wk) of wastewater during a single- 
year I4^]* ' At 2 in./wk^ (5 . cm/wk) - the nitrogen rembval efficiency 
drbppen t#.J4b^^. Over a byyear period, Reed canary grass removed 97.5% 

!iof •the nitrogen ^||pplied/in 536 in. {13.6 m) of .wastewater. - In' a 
hardwood fogf^st, The nitrogen renroval efficiency, at 2. in./wk .(5 cm/wk) 

*was^only 3&%; It is cVear that the apparent removal values in excess of 
100% include great deal of nitrogen resulting from decomposition of' 
spil organic matter and could not be maintained over a long period^ of 

*^time.^ Much lower values for nitrogea recovery by crop uptake have been 
reported by Mckim et al . [43] and by Karlen et al . [44]. 

. / . 

Total quantities of nitrogen removed by, harvested crops generally tall 
in the range SO to 4yo 1b,/acre-yr (56 tb .450 kg/ha-yr), depending on the 
nature, of tfye crop, fertility of the soil , and a number of management 
' parameters [45]. Jhese amounts may account' for a major part of the 
input nitrogen in slow rate and 'overland ' flow systems/- and in the 
former, application rates are primarily limited by plant uptake. 
However, plant uptake is of relatively 1 ittle consequence in rapid 
infiltration systems wjiere inplit level s as high as .15 tons/acre-yr (33.6 
Mg/ha-yr) of nitrogen have been reported [b]. 



A. 3. 2 Volatilization of.Ammonia 

The "equi.librium" Ij'etv^een NHj , and NH3 is resulated by pH, and the 
proportion of free' NH3 i$ sma^ a.t the pH value of most wastewater. 



Appi|lcation. of water through; sV increases evaporation and 

vnth it the quantitj^ of ammonia volatilized. Scott states that the h?it 
loss of water during sprinkler irrigatioa'may vary from as low as .5%;^. to 
as much ^ as 4Q% of the water applied I46l. Henderson et jl .^^J^^^^ 
ammonia 'losses/ as a function of pA of fertilizer sol utio'Wi^ 
sprinkler irrigation -^and ; found' that,, in generaly these were less* tl>a [' 
IQ^t between^ pH ^ ajid 8, 'bfit the curve ihcreased sharply 'above pH l.ni 
[473; Their .dat6 w^und includ^ evaporative losses between the sprinkler 
head and. the soif ' 



...With drty type of 
/iuinface frtay occur 
variable,, dependi 
con tent of th? soil- , 
, plant cover> if any. L4y 
. w,ast«vrfat|r appl icatjon 
■ cl ^^a||r^ tende 
retelwjKi^^^^ 
surfac3iflfe:v unl 1 kely 



report 
to; a f; 
Z days- 
measured 



contain! n 
60% of th 
loading 





.'ammonia losses from the soil ' 
tude of, suph losses is highly 
icatipTi, > e^terj^^^^^^^ elay 
,r ;te^^^|i^^^^^^^ type of 

(^dar^e^iextu'red soi^ favored for 
ai^onia lQ.ss';b:e'tairs,e ^of their low 
al tho.ug^h because of thei r Tow 
'"^■^ ammonia , Stained near the 
'g^tejpnjhouSe^ s^^^ a1 .. . 

ja^-t hal f thei^Hi trpgen ^ap^ , 

aoimorii dv^ # of i t wi thip 
Q^^tt^y: stQdy , Ryan and Xeeney:': 
^e^f^ppli e^ udge 



3olMw;6d^ ranging^ from' 11; to - 

r - ^s^m^^ tKe;§Qi1 'and ; 

rjr. ..Losse^i; decii^^^^^M^^^ '^tfonteht>^j^f. the- soi 1 ■ 
diije^ot^fj^^^^ 



NHj-Nv'^#eri^ 



^li^cationi-^^^J^^^ ^v'r^ '■[■' ■''^'-•r:^^^^^^ .v?' 
'-(^'•.'^ ''-r A.3.3 ^"-Derw trifles ; ■ ■ : y' ' ^ 



ft^ev : l^epwt^^ 
th^n'..a sin'gTe' 



^ V : •Ar3:i.ft^Vow Rat^^roei^^^ 



I. 



"^^^^;|'^wastewa$e9*t ; used i^ 



ih^i^m'i^ jra tej: pr oc e s s , u is u al^;.on^l 

; an^ i-^i^-atiea p 
ieef toe ''eyaj^pt 
and jn T<&mTdMr6g^^^^ Ijhe*; 
yel is which do 




t|^iis maintaified>:£^ 



doraij^nt* ;i,proGe 



'^Me0t^i^(^'^it^east part^ 
;ih^V: the-: 
appn^requireme^ of the, 
of ..wastewater appl i ed 
antrequir 
ID aerobic 'condi tion, 
Nevertheless, in 




growingh.y . pl ants', 
is limtted to;^^ 
;water.-ij;^ The . sbf\ is 
andv l^pi^ifcatlpn iltxthe^ 
; a g if" i c u T tt** al::^ p r a|it i c e , carpj 
jjsually. reveal 

denitrlficatibn E52]. v T)i$. magnl'^^'pf;^^ typi calmly fal in 

■the rinf^i of 15 to ZB% of 'the'^ap'j^Ed^ r^^ A balance sheet from a 
tfielcl experiment is^r$s#ted;iri^^ 

nitr(\gen fer^^^^^^ used which mW^j^^'^r^ pgssiwre" t^, i^^^ 



aeitice, c;arpi^^ 'Ba^larK:fe experimeats 

'Ian unaccpt^ *i;s '^.attributed 'to 



) 
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ERIC 




ERIC 
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t3f 



.betMeeri the applied nitr^en an«pQ|iat bresent .fn soi^' or aidded^'ft'c^^^^ , 
; other l^duffces. The Tosses .overr^^i^a year period were/ a^^ A 
constant *f^*actioTi of the ' input n1|^pgen; ahd consl^ '* 
•wfth other ^reported:,varues^ C52].^'-;-;;f'^'':\ ' ^rY. z^. '■>;':■• ' ■ Y:i:-2-:-yi1^f : 



" ' V TABLE- i-2,,.. Vv;- Y, r^-m^-it^:^^-^ 

tHREE'.<EAR BAlJ^NCE SH6ET FQI^ ISpJOPICALLY LABELLED :NITR()6EjSi^^^^^^ '5/ / 



^ - ■ FEiJ^tLIIER- APPLIED TO- CORN PLOTS ON HANFORD SANDY : LOAM 'Mf : V V/ 



Total N, added;- 
^f'' IbAcre ; 


Rentoved in^ grain,. 


ReraainingVih spll, 
7lb/acre ' ' 


Unaccounted < foe 
/ Ib/aVre Y , 










^ 47 '\V 






^ • 274, -fev'"-'-^: 


-196 :V> f 


• 129..,%;:^ 






312 ^ . 
317 -'^ ^ ■ 


; 384 . \ ' 

-.^^ 


204 \ ' 

^ \ 294 V;:: :'-^ 
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321- . 

. -v^nr' ■ ■ • ^ . 


V 930^^ 


f ■ ■^\-248 





'. •-. ■^. "'^ • .• . -c. ... . i; ---' i ■ ■ ■- • ■'. V ■ 

In, ^was^waterr appWcation, ""^he fraction of ^ ppptit^^rtij^^ yjlvlch is 
denitr^fi edC^tft^ltrdngl^K^^^ abl e iattfpil*^^!^ Thi s 

i's ^^il.listra'led^in.Figirrfe^ which 5h6KS-.dat^^^ dif Panoche 

^ancjy loam rtcei ving .3 in//wk,^7^5.cnt/y*)<^4.-Q*f .W^^i^ewatj)^'i.a| Kytp different 
MHt»-N. .■.T€ij\^l'S over . a^ mbYith''f$p§'rffbd;'-'"'tKe ' chloi^^.;cuirv[|i^shows the 
ibehSiVior of .s^ndfijj^ctijp to^ holduptii^-the^^^'T/.** ^t the 21.4 

mg/L * NI?|-:N "-l eveffTherg^aS eompl'elie^lremoval ^ pf ,j.the.. f i rSjj- 22?K;/of i liput , 
followed 'bjb- s;ev|ra1 m(Mlhs of- nearlj,r-qpmpjgte||]^^^ entire 
period •'^ -lliere was 16%; r•ecover>^ , or^^^^^^^ 8^^^ 
; Howev^, at |he 0 mg/Ul NHJ'N g^vej'i... t)nQ6>|^the sup^% .iif available 
).ir HAs exhaustedli there Wit..very'?1i tt'Jii?T#)*^3?i^'SiMj|^6h . • 



carbon Hfes exhaim^ff ^^^ v^^y^/'^^^^^ Overall 

recover^ ih^theil^Lter^Ase was; b3%, .eibri^sptfnu^^^^ removal. 

It should be»posslwre tqlidjust^^ for njpst/soiTs so> as. to 

maxiMze^ /denltrifiy^a^ in cases :Whf r;^^. -^^ ^ is the 
priTiclpaiT j^nsideratjon,^.'!^ V 



Wishes, .su6h.a;5 



Agri cuittfit^l wisre's , . suCh. di^ s^raw'vteii dues and nftifrures , are effect! ve- 
in stimulating 4en1trificatid^^^^ thfese pose^r^oblems of haridling and 
avdilabilttty '*at 1 and 5 treatment sites**. Ol^on iet aV. applied ma'qure to 
Plainfiel d fe^ancp arrat^ from lU -to 27Uftons/acre (;*2.4 to 6U5 

Mg/hal [bSj. * Urtder aerWic condi tions,Attrate§ accumul ated to 25 to Ib.U 
mg/Lv but /-wheft soil was^ftaintalWd in a saturated condition, as 

might be doh# ppndi,{ig. duwl^ wastewater.^plicati on, virtual^ no 
nitrates were^^' fduncf'. Meek et ^al. dbserved that redox potentials in 

/ © ■ ■ ■ 

■t ■■■■377 



.calcareous,, Holtville clay receiving IbU tons/acre (4U3 Mg/ha) of manure 
In each of two successive years did not fall below 400 irtV with the 
noiriiial Irrigation schedule,' whereas thie potential dropped to zero when 
"the number of irrigations was doubled [54]. These authors suggest that 
it is possible to adjust nianure application rates and irrigation • 
schedules' for fineHextured §oils to achieve maximum denitrification. 
The principle is applicable to dtjier kinds of wastes as well* 

' FIGURE\A-2 • ' . . ; V 

■ * ' ' . ' * ■ * • •• ' ■■ 

. EFFECT ON INPUT NH4-N CONCENTRATION ON' N REMOVAL . 
JROM WASTEWATER APPLIED TO PANOC HE SANDY LOAM , • 

AT THE RATE OF 3 IN./WK FOR 6 MONTHS [41] ' 




,0 20 40 60 60 ,100 



IHPUT. '% OF TOTAL 

1 in./wk - 2.54 ca/wlt 
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A.3.3.2 R||)id Infiltration ^- *^ . ... . 

In the ijiterniitt^ift% application of wastewater to soil, it can be safely 
'assumed that al T of4^'the' vaput ammonium not vol atil i zed will eventually 
be nitrified, if; the adsorption capacity of the soil^is not exceeded and 
if. the perloctej^ of app'h't^ition are interspersed with drying periods of 
'sufficient lertjKn and frequency to .replenish sbil^ oxygen* Bouwer et al . 
'reported ; ess€^ia,l1y/. quant it^^^ conversion of ammonium to^nitjrate in 
rapid infiltratioV -^g^stems . having 2 to 3 ^-days of flooding alternated 
with 5 .days of drying [8]. »Robeck et\,al . ob^tained about 74% ammonia 
removal ip: Ottawa' sand'with shorter and more frequent app'lvcations "of 
.wastewater 'at a rate of b in./d (20 cm/d) containing nitrogen equiv^alent 
to bu lb/'acre*d (55 kg/ha*d) [9]. This removaTi^^^ attritt-utJed primarily 
to nitrification. Thus, in rapid infiltrati;(?1^\5}^^^ nitrification is 
the dominant process unless specific .stpp^ -are taken, to promote 
deni trificati.on. , / ; ' . - ^ ' / / 

" * • ■ • . - » '. ■ ' J . '■ -^^^^ ■, . / . 

•y* ^ ■ ■ , ' ■ ■ ■ ' ■ t . 

In rapid infiltration experiments with soil columns^ Lanc^/and Whisler ^ 
found -np.^, net removal of nitrogen with 2 day^ of flooding followed by 
days of drying, but, net removal wa5 30% with longer cyql^s involving 9 
to ^3 days of. flooding and 5* days of drying [7]: Lance et al. devel oped - 
two successftil -methods for maximizing deni trifi cation in' high rate, 
applications .which achieved 7b to dO% removal of nitrogen [5b]. On the 
basis of their finding that the^ percentage of nitrog,en removal increased 
exponentiail ly as the infiltration rate decreased, they reduced 
infiltration . rates , by soil compaction to a level that allowed nitr^ite' 
formed . during the dry period to mix with tne' wastewa-ter subsequently 
^appl ied in order to proviae a favorable ratio of carbon to nitrate. The 
'second method involved recycling water of high nitrate content that had 
passed through^ the column as a nitrate peak. This was. mixed with two 
parts of secondary effluent and recycled throughout the remainder of the 
flooding period., both methods encounter practical difficulties in field 
application. Adjusting depth of ponding, compacting the surface' of .the 
spil , and altering the solids content of appl ied wastewater have been 
suggested as means of changing infiltration rates [55], Recycling high 
nitrate water in the field would require interceptor drains below the 
water tab^e, the Affluent from which woula be pumped to* a holding pond 
and mixeji^. with wjj^tew^^er prior to reappl ication. ' 

An alternative mthqUj^'of increasing nitrate removal by deni trifi cation 
is "'to add an en6^ source. Methanol has been used for this purpose in 
reducing the nitrate 'contett of draifiage-water [bbj. The theoretical 
methanol requireifent in thiT* process for wastewater containing: 20 nig/L 
of NO3-N would be 45.7 mg/L, or the equivalent of 1.6 gal of methanol 
per acre-inch (5.9 L/ha-cm) of water, 'assuming that all the methanol is. 
used by denitrifying bacteria. Experiments with drainage water s^0^i/i 
that up to 90% reinoval of nitrate could be achieved with water initMt;J;y 
containing 20 mg/L of NO3-N by,, addition qf 70 mg/L of methanO:! ,'^'or 



about of the theoretical requirement [^IJ:^}: It is unlikely; that 

methanol added to municipal wastewater ancj .t^^^ to soil would be 

used as efficiently, owing to the 'pt^esenc^Kfiiif large numbers of 

heterotrophic microorganisins .ih; addi ti\qn3:tq the . denitrifiers. An 
inherent' difficulty is that th6 period; w^^^^^ 

reqiii red for„ ni tri fi cation of 1 nput; amm'oriiufr pennn rapid depl etion ^of 

available ' carbon, leaving little fo^^ Mse p^^ the soiW 

is again flooded;- : ' 

■ . '\ * * 




In 6v€^^^^^^ treatment, a thin: film of wastewater parsing over the 

surfa£e^;:bf, of reTitively low penneabilTty serves as a barner'to 

oxygen movement below the- so irl surfac^ This permits -the development of 
/ ^oaerobic conditions in the osp^^toe^ 

;;^tt6ihdant ' . derii tri f ication.. Othe^^pects. * of . thii; type of treatment 
.yifhich favor d^nttrifi cation are the^close proximity of ^in bxidizin^^^^^ 
: j n the flowing^ water, and the high -BOD of wastewaters to-which;thVs^ 
.i ine^hbd is applicable!. This ^allows nitrification in 'the ftater f'iim 
. followed by movement df nitrate into the reducing zone belovy the- soil 
surface where /en for denitrifying, bacteria, is supplied by. soluble 
organic matter from- the wastewater. Quantitative data showing the 
.relative importance of denttrification in relation' to other nitrogen 
V removal .mechanisms. s(ich as plant uptake and ammonia volatilization are; 
lacking, but reported tiigh \ removal. efficiencies of 75 to 90% suggest- 
that deni tri f ication is the dominant process [57,, bb, 59]. . ' 

A. 3. 4 Leaching - V - ^ 

'-■■v'- V 

Nitrogen applied in excess of crdp removal is potentially subject to 
leaching, but 'in practice, losses by volatilization of ammViia* and by 
dehi trification diminish the actual quantities of nitrogen leached. In^ 
arid regions, some,^' leeching is, essential to prevent excessive" 
. accumulations of . salt. In most situations, some movement of Xi trate 
from the root zone to the groundwater is unavoidable. 




In land treatment systems, it is desirable to haye^^^a^^^^^^^^^ of the 

amount of nitrate leached, but reliable estimates a difficult am 
e^^pensive. .to obtain. In. considering nitrate as V pollutant, it is^ 
important to bear in "mjnd that. ta|al mass * flow is of' greater; 
significance than concentration per se . ^Mn appl ications on cropland at 
rates not .greatly in', excess of the corisumptfive. use requirement fo-r 
water, -fairly I'figh concentrations of nitrate in the subsoil would 4iot 
represent a high pollution hazard because of the low leaching fraction. 
,0h the other hand, in 'high' rate apRl i cation, with a large Teaching 
fjfaction, a much greater mass of nitrogen may move into an. aquifer ^even 



though the ni trate cqncentration is relati vely 1 ow. In crop i rrigati on 
systems , th^ ' quanti ty 6f ni trogen that i s potenti al Ty 1 eaqhabl e { ni trate 
fonri) increases 'Sharply . above the input level .required to achieve' 
maxtnium crop production, as-^is illustrated ih FigurS A-3;*r^ The applied 
nitrogen .cannot be bal anced by the leachable' nitrogen plus crop nitrogen 
because i ncorpor^ation of nitrogen into soil organic matter and 
denitrifi cation amounts in Figure A-3 are uriknown. . - v 



■ FIGURE :A-3 

' YIELD, CROP UPTAKE OF N,.AND POTENTIALLY LEACHABLE 

. NJTRATE IN RELATION TO FERTILIZER APPLICATION RATE 

ON CORN GROWN ON HANFORD SANDY LOAM [41] 
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Monitoring nitrate flux in -a field situation is not a simple matter. 
Porous ceramic probes', sometimes referred to as suction lysimeters^ are 
often used^ to obtain samples of soil solution at various depths and 
locations.without disturbing the soil after the initial installation. A 
rather d^nse network jff such probes iS: required to obtain reliable 
estimates of - soil nitrate concentrations. Even in soils considered. to 
''be uniform, -these concentrations are.subject to wide variations both in 
time and-^ in space. This is- illustrated by ttie data of Table A-3, 
obtained from probes located in a corn field.on Yolo «f1ne sandy loam. 
It will b^ noted that individu^ samples vary by an order of magnitude' 
or more from repl icate samples in several instances, and' standard 
devia'^ions' from the mean- ranged from 32 to 114^ of the mean. ^ 



: ; / ' . TABLE . . - ^ 

NITRATE-N CONCENTRATION?.: IN SOIL SOLUTION SA^1PLES : ■ 
OBTAINED M MEANS' OF SUCTION^ PROBES AT. FOUR DEPTHS OhI 
TWO DATES IN A C9RN FIELD- ON' YOLO'f lN^ SANDY LOAM [41] 



No. of samples and. depth 



4 at 4 ft ,4 at 6 ft .8 at, 8 ft 8 ;at 10 ft 



% . Jul 28. 1975 

Mean. N03-^, mg/L ■ 

Ran^e* mg/L, ,^ 

. Standird/devlatibn, 
; % of niean -\ / 

Aug 28. 1975 ^ 

Mean,N03-N. mg/L ■ 

Jlange". mg/L 

'Standard deviation. 
% of mean 



'30.3 



32.0 



.3i;9 , ^5.8 
15.2-60.0 18'.9-|5.6' 6.8-58.9 ;7.8-55%4 / v ., 

61 . \ 32 . ;58 



>19.5 



12.3 



26.3 



45 



32.4 



■K8-50.4 ;N^/3^22.4 1,8-47.2 ^5. 1i:.58. 9 



114 • 



67 



66 



54 



1 , ft « 30 Cm 1^ 



It is clear that 'intimations of- nit^igS^ retnovaT ^a^ed* on a feV^\suction 
lysimefer samples m^y be' . in seftous^. error. -It shouldy be further 
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that" measurements of. moi sture fl ux in unsaturated- soi i s are 
to the!^ same kind of variatiorv, making calculaitions of mass 
even' more hazardous; Thjs variability is inherent in s.amplijig 
bedi es' f or vi rtual jy any ^parameter.-^ They cone 1 usfon " i s^^^ 
general ly practical Ito ai^tempt to .estimate ni trate ^%mo\^i frW 
slow rate applications ^)y monit*nng;compos>tipn of th? 
Iji rapid infiltration appl i cations, where;' the - amount ot 
applied is much greater than consumptive use and where applied 
ni trogen greatly exc'^eds anv r soil contributipin/ measur^^^ 
samples from' the zone of siturated flpw .Obta'inBd by means of suct;ion 
ciipSi wells, or. tile lines are somewhat ftiore reliable. ^ . - / 



A. 3. 5 Storage of Nitr93en in SaiV f 



In a theoretical equilibrium . situation; over the' long "ferm, where, 
additions *^^nd removals of nitrogen are in balande, the storage capacity 
-of the ;>soil is of .-1 ittle consequence* from the^tandpoint of managernenj; 
practice, eve^n though the residence time..lin the -loil m?y be- quite long, 
in actual wastewater application practice, pa^^ularly with slow Vdte 
systems, the storage of nitrogen is very impbr^^t because e^LJilibrium 



'is not' quickly attained. The p^^incipal vstoret^ mechani sms are^ fixation 
6f ajniDOiil urn • by clay' rfiineral S'^ and orgato^c matter, retention >of aromoriium 
. as an exchangeabl e ctfti on , arfd i neorpbratldn i nto ' soi 1 organic\matterv^^^^^^^^^^^ 

A.3.b.n;- -Ammonium Fixation '. - ' v • 

Certain' clays . ttiat commoixly ocpur iij[;sipf^^^^^^^^ 

' yermi cul i te .group , . have the , abHl ty ' tb^ trap ammonium i ons Jwi thi n the 
. crystal.^ lattice. Ammonium ions thus fix^.d,.d^^ not exchange reaillTy wi th • 

other cations; .and art •not* -accessible .tb; nitrifying bac*t?ri a [60]. 
. Fixation of /nh| by clays is enliancfed,i.b/ we^^^^ and dryihg cycles but 

• may- occur without'drying. The quantities so fixed depencf'dn the kinds . 
.'and. amounts, of .^cTay present. ^Quantities o^^^^^ NHj fixed by three 

;;dif^^^ soils, 'receiving fiv^ consecutiv^applitations of a sgliltion 
'coniai.ning .100 mg/L .pf NHj-Nj 3vi{'hout. intervening dryj are 

* shown in Ffgure A-4. The' Aiken -claj^v- ^ .'containing .predominantly 
kaolinite, . fixed-: no NHt "; Tfie (Columbia fine sandy . loam typical of^: 
coarse texturedisoilstRat -might be ,used for , wastewater -disposal , fixed ^ 
22' ppm NHt (soil basi5'V»*^.' eVivale^ -tp about 275 lb/acre. (308 
kg/fia) .df^ ';hitr9gdn^ in' the top 3 ft. (I m) of Soil . , This soil and the:- 
Sacramento . clay' contain, N/errpicu lite and montmori.Tldni'te . 'capable o,f ^ 

fixation. ■■ ■ ' ; ' - ^ 

- . •: . FIGURE A-4V '''-''y ^ - 



CLAY-FIXED NHt IN- THREE SOILS RESULTING FROM FfVE 
. APPLilGATIONS OF A SQLUTION CONTAINING 100 mg/L 
NHJ.N/WJTHOUT INTERVENING DRYING [41]/ : ^ 




Another *meehanism of ■ Nk J fixation inyol vesV reaction- 'w 
-organic. iTiatter to form " stable .complexesC'. The amounts fixed .d4pe'nd • v 
■ strongl-y on pH^ and quantity of- ocganic m^atter* presenf [61]. ;It is:V 
unjikely tfiat this jiiechanism^ . is -or much, importancft- atfthi To^^^ 
- NHJ concentrations and near-neutraTvpH of wastewateri no.r^^ app.lied' * ! 
to soils of low organic. matter content, but it may as'sume.Gonsiderable .> 
importance, i^ sludge applications wheire NFiJ : concentration^ 'afe at:;^^^ ■■: 
least an- order of magnitude Mgher and where organic miiter'^is.'supplTed.'^' 
by^the sludge^.: ■ . ^^r;. . ,VC ■ ^..-^-''^''i --.^.^ 'Cv-' 



.A. 3.5.2 Exchangeabl'e ' Ammoni unt^ 



Like io'thef cations, in wastewater, -NH J 

• negati ve ly charged cl ay arid ,orS6-ni c,. cOl 1 olds i n Vspi 1 .* ■ Lance' di ScusS6d a? - 
method, of estimating the quantity^ Of ' NHt , that might be' ad's'-orbed trDm ". 
a particolar .'wastewater based ■ oti- ttie ammonium . adsbrptipn ratio ^' 
calculated; from./ the concentrati'ohs • pf NhfJ. , Gi^t/^, Varid. Mg:t+ 
in the . water [62]. In^ slow , ra.te systems i/^he.a^phium-a^^^ 
capacity of soils is,Msually sufficient to retain ;.:'^ea^ 
near,' tfte. surface..' Continuous ; flood.i-ng ,i ferapfd^^ 
will in time saturate the : ammoriiuni: adsb'rptron capatity ajS^^^^^^ 
downward movement • of - ammonilufn. . Retenti on of . ammoniaiii' ^fl t^}. ' 

:l?ccharige^ble form is temporary in, an^y case,- sd nee: the adsorbed anpO.nium 
isv nitrified when oxygen ' becomes . a-yai Isble"; e'xcharigeab le , i 'Pj 

pUys a very important role iri the hitrificatiop-d|mtrificati.on ^equehte . 
by /holding nftrogen, ne'ar ithe s"oil Surface until ."-the environment -b.ec.o^ ^ 
aerobic during drying. ' . ' ; . -' . V '■ y -.k' .. 

Even in- sandy soils ' of Tow. ca^ibn.iexchange ccipacify th^ .qt^an,t^ 
ammonium ' is of j c^ 



e xchan ge abl. e ammoni um ' i s of con s equ en ce : < : :A ' p ro f i'f ^; of : exbh^h g[eab.7 ^ • . 
.NH4. beneath a; sludge dry fhg pond .9 s compared, to untreated soil is khown 
in. Figure A-5. • This , repr^^sents a sitiuet'tioh where high NHf -xS^^ .•■ 
(:entra:|ions combined with"-a low infiltration; rite have resulted .in dbrti'-K '' 
"nance-'of t.hfe cation exchange 'complex by NHt Tile total qu^intity* ' of- 
exchangeab^ler, NHI ,'i.n this'-isbil tb- a depth -of .6 ft (1 .^,m) iS.' lOT30 Ib^ 
acne .(11 800 kg/ha)... The samr prof fie also, .contained 1" 25d>Ib/aGre'* 
.(•1 400' kg/ha) of. NO3-N .. In a sonjewhat different situation, .Lance 
cites calculated values of exchangeable ,'^NHj "equivalent to 1-5^4; Tb/ 
acre .<1 740 kg/ha) for/ a. wastewater applied tb a'' Soil with a&texchanqe ' 
cap-acity of .only 5 meq/100 g 1:62]. ' | '^T%',- ... 



,A.3..5*.3 ,Infcorj)#ation Into Organic Hatter 



Ammomum may be in(^6rporated. Into. Mganic matter ;^ th*^ fixation raechar 
m§m previously discussed,. thrGugh#;a;?simiiation bV Microorganisms-, and 
'by .plant uptake. Net inimobilizatiori.;iy microor^^ pre--* 
sence of d^coiriposable- ofganib'mjitter liaving^^ nitrogen 'content' jess' than 



about 1.2%. Except for cannery wastes and certain types of industrial 
' wastes, these conditions are not met for land treatment systems. The 

.presence, ef mature crop residues bn. land receiving wastewater may result 
'in immobilization of a smarll amount of nitrogen, though probably not 

more. than 40 to 60 lb/acre (45 to 65 kg/ha). 



^ ./ FIGURE A-5 

EXCHANGEABLE NHi IN THE PROFILE OF A SAN^^SOIL 
BENEATH A SLUDGE POND AS COMPARED TO AN UNTRiffW AREA [41] 




.1 f tsr 0.305 m ^ 



I he most, important mechanism of storage is through- plant uptake and 
subsequent conversion of root and otheV resjdu^s iato soil humus. Large 
quantities of input nitrogen can be. .stored in; sQil for long- periods of 
time in this v5ay, p,articularly, ih soils of initially low organic 
. nitrogen content. This is illustrated by the profiles of organic 
nitrogen showh in Figure. .A-6 for a cropped area near Bakersfield, 
California, where wastewater had been used to irrigate -crops for a 
periods of .36 years* at the time of sampl ingv compared to an adjacent 
area of untreated soil -that had never been cropped or irrigated ►Total 
nitrogen -down to a d§pth of 5 ft (1.5 m) increased by 7 400 lb/acre 
(8 290 kg/ha) as a result" of wastewater application, representing an 
average annual indVement of '2U5 lb/acre (23U kg/ha)^ over the 36 veaf 
period.' • . - ^ . 

- ■•"'•.). 

■Lesser quai\tit}^s of h'itrogen would be stored' in the organic form in 
soils of initially higher organic ♦ nitrogen copt'ent; and in some ' 
instances, .such as those reported by Sopper and Kardos where apparent 
crop removals of-.nitrdgen greatly exceeded 'the quantity appl ied* with the 
wastewater, net j mineralization of soil organic nitrogen will actually 
decrease the quantity stored .[42]. Net immobilization i$ common on 
soils , of and regions wher'e there has been little^ previous input bf 
organic matter. .Net mineralization is more 1 ikely -in soil s of more 
humid regions where the nati^ye level .of organic matter is usual ly higher 
because of more abun^lant vegetation. Soils of arid regions which have 
been, irrigated for ' many years would be^ unlikely to acciimul ate much 
additional N during Wastewater application. • • ' - 



A. 4 - Nitrogen Removal wfth Various Application SysWis 

• A.4-.1 Slow Rate Sy.stems for Irrigation of' Crops 

Wastewater used for. crop irrigai:i on is conamonly -appl ied by sprinklers or 
ndge-and- furrow distrijaution systeiiis, with.': the rate of applfcation 
geared to the, ^needs of the cro0''for'y<ater and nutrients. Nearly all 
data , on efficiency Of nitrogen removal 'have been obtained at 
.experimentala sites.- In an EPA survey of facilities using land 
application, of wastewater, nitrate concentrations in groundwater were 
.reported at only lu of 155 locations usiqg'.munidipal wastewater and at 
only ^ of 56 locations where industrial wastes were applied [63]. Uf 
,the 12 locatidrls with groundwater nitrate da.ta', only 3 reported total 
nitrogen, inputs. In slow rat€ systems, est'imat&s of System performance 
based on comparisons, of input nitrogen concentratipns with nitrate 
concentrations in groundwater may be very lysleSding; Sa.lts in the soil 
solution are concentrated by evaporation and transpiration, -particularly' 
ip and regions, or diluted Dy irrigation and rainfall. Estimates of 
the. leaching fraction .. may be made by measurement of chloride 
concentrations in influent -and effl uent. water provided that plant uptake 
of chloride is insignificant. ' \^ . 



FIGURE A-b 



EFFECT OF 36 YEARS OF WASTEWATER APPLICATION ON 
ORGANIC N- IN A SOIL AT BAK^RSFIELD, 'CALIFORNIA [41 ] ' 

i- ORGAHIC Hs» 
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Mineralization"' of organic nitnofen in soils may also contribute 
appreciably to nitrate that eventually reaches groundwater, fhi^s is 
*il lustrat^jd by the data of Table A-r4 ^ which give-total and tagged 
nitrogen //in . the -effluent from soil columns treated with wastewater in; 
which the input water, applied at 3 in./wk (7.5 cm/wk) contained 
NHJ-I^ labelled with the 15n isotope. This made it possible to 
identify /the nitrogen in the effluent which was derived from the applied 
wastewater. The difference in percent reco\Aery of total and tagged 
nib'ogen is duetto the contribution of soil nitrogen, most of. which was 
^convertM from organit? forms to nitrate during the period of treatment. 
Thus, Jnet removal from tlat^^]a* fine sandy Toam after application of 
137 irl. f 34b cm) of^ wasteWter wfoul d be calculated at on^ly b%, whereas, 
the t/^ue removal was 48%. Total N added to this soil in wastewater -was 
equivalent to Tlj5. lb/acre (1 473 kg/ha), and the effluent contained 
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1' Z36 lb/acre' (1 3a4. kg/ha.) of nitrogen;' however, only 684 lb (766' kg) 
was derived -from wastewater, th.e other 552 lb (61a kg/ha) of nitrogen in 
the effluent being i^oduced J^e^onfposition of soil organic matter.' In 
soils of low o.rgarii/C-coirterrCsuc-hlrSjthe S^lado^^ubsoil , this' factor is 
of minor nmporfance, as shown by the close corresjiondence in the- figures 
for total and ' tagged nitrogen. M Low 'application- rates, nitrogen 
removal can be completely masked by mineral izati on' pf organic- i>fBrogeT). 
in the soil , as is illustrated by tine Panoche sandy loam. A companisorr 
of nitrogen input versus output shows a nh gain, or no removal, whereas 
in- fact 97%-bf the input .n;itro-§eR did not appear "in the effluent.- 

' \ TABLE A-4 '■ ■ ^ • ' '"- ' 

RfCOVERy OF TOTAL AND TAGGED^ N IN EFFLUENT 
• FROMTHREE SOILS RECEIVING 15n-LABELLED 
WASTEWATER AT THE f^ATE OF -S-IN./WK [41 J 



Wastewater N recovered 
appjied ^ in effluent, % 



Soil 



Salado fine 
.sandy loam 

Salado 
subs^otl • 

Panoche 
sandy loarp 



"in. 


IJb N/acre, 


"r r 

Total 


Tagged 


48' 


459 


24 


' 1.3 


137 


1 315 


94 


. 52 




459 


/-20. 


17 . 


.137 


1 315 


78 


75 


.87 


429 ^ 


141 


' 2.7 



-1 *in. « 2.54 cm r 
. ' ^ T lb/acre * r. 12 kg/ha. ^ . ' ' 

. • . • .0 • • 

■ . . \. - , , * ' • " ^ 

If tptai; nitrogen iiput does not greatly exceed crop requirements for 
nitrogen, removals of 35 to 60% caa be expected as a result of crop 
, upta,ke.- depending on soil properties and irrigation schedules, 
denitrifi cation may' account for 16 to' 70% of the /input nitrogen, or even 
more at low loading rates. In agricultural practice where attempts are 
made -to minimize - denitrifi cation, losses of lb to 30% are common- [b4, 
65]. uenitrification losses with- sprinkfer irrigation ai^e likely to be 
lower - than with fyrrow application' because 'the soil lis less likely to 
reach the saturated .condition, but/this may,' be balanced out by higher 
ammomajoss in sprinklei^ applic/tion. Ammonia loss trom the soil 
surfac-e during ' periods of drying may be a more importaat consideratiort 
than is compionl^ real ized [50]. ■ --^ - . . - ' 

...... \ ■ • • ■ 

NormallyV in wastewater appl icatio:n to crops, it js desirabfe to'rely 
primarily, on crop uptake as 'a means of nitrogen removal, and a number -of " 
years of fie;ld experience indicates that the procedure is effective in 



th. foresi and cropland when rates of ' a,pp.Vi cation' are adjusted to s6il 
;cr9p c'ap^city' [4Z, 66]. The capacity of soil-^^o receive nitrogen' 
be greatly enhanced , by long-term, storage ax\ those soils where 
stantial buildup, of organic nitrogan may occur. 'The Werri Dee farm ^n 
tralia ,1s a case in point [673. Soil "nitrogen increased from 1 2Uy 
to. 2 520' ppm after 12 years of ir'rigation wi th wastewater. E,ven if/it 
ts^ conservatively , assumed that the increase wais .restricted to -the 
^surface -6 in. (15 qm), the' add'i tional nitrogen* stored is. equivalerjt-to . 
about 2 500 lb/acre 800 kg/ha) averaging^ a li ttle over ^00 Ib/acre-yr 
(225,.kg/ha-yr ) , whtch is of the . same, brder-of-rfiagnltude as crop rembval . 
T'ni's ;valiie is almost, identical to the previously cited valud maintained 
over * a ' 36 year period at Bakersfield, Califor/ia.^ In 'the latter 
instance,, however, a much greater depth of soil- was impljca'ted in- the* 
storage. After 26 years of wastewater appl ication^ the Werribee farm* 
showed a surprising drop in -nitrogen content, the^^'.r^^^ for which is 
not* apparent. Adri^ano et al . estinrtated- total nitrogen immobil izati'an 
during 20 . years of cannery waste application to sand and loamy sand , 
soils ,tp .^be as much as 2 700 lb/acre (3 OOo kg/ha); accounting for * 
approximately, one-third of the total nitrogen applied [6b],* The 
quantity 'of ni'trogen immobiJ'ized in a given situation depends somewhat 
on wastewater composition, being greater with wastewater of high BOD arid 
low nitrogen consent, but.it is also affected by climatic variables and 
nature of the ?oil. With constant managenient, an equilibrium level of* 
organic nitrogen will eventually be attained, but this may require ffiany 
years. ' . * ' ^ . ^ ^ 



Slow rate land, treatment provides sufficient nitrogen removal in several 
reported \ instances to produce a *soi l percolate below lO.mg/L of NO3-N '' 
£4^]. Karldn et aT, reported reduction of nitrogen content from 15 
to' 7 mg/L with an annual application rate' of 7bi'in. (iiiOO cm) of 
wastewater containing 2bb lb/acre. (3oO kg/ha.) of nitrjojg'en on corn 
growing on a loam soil with tile drainage [44]. ' The maximum weekly rate 
was b.3 ' i,n. tl3.4 cm) . . McKim et al . in New Hampshire reported total 
removals b.t ni trogeri' ranging from .73. to. 91% with primary or secondary 
effluents appli,ea to,, grass at -2 and;4/in^/wk (5 and lO^cm/wK) [43]. 
Tota? nitrogen\. applications varied from 2l2 to 426 lb/acre (238.'to 47b 
-k^/trai-, and the .average .concentration of nitrogen in 'the- wastewater of 
about 35 V mg/L was^* reduced to 3 to 10. mg/L In the percolate. In the 
weTl -known long-term experiments at Pennsylvania State. University^ soil 
s'olution samples at the 4 ft (-1 .2 m) depth" in Reed canary 'grass plots 
, receiving 2 in./wk of Wpistewater consistently showed less ttian 4 mg/L of 
^NO^-N. . "^Application of ^ in./wk^'to red* pine and hard\yood plots resulted 
in soil . nitrate concentrations at.the 4 ft (V-.2 m) dep.th substantially 
,i*n excess of 10 mg/L of nitrogen, "although with 1 ,i'h./wk (2.5 cm/wkT 
they ^remained bel ow this value. Kardos and Sopper- conclude that, with 
appropriable management of nitrogen loading rates to maximize crop uptake 
ana with hydrauli^ leadings' adjusted to maxirr(.ize denitri fi cation, it 
should, be possible to recharge^ water that .^neets drinking ^ual i ty 
stanciards' for nitrogen into the aquofer below a land- treatment' site [19.]. 



A..4.2 , "Rapid Infiltration Systems ^ 

Rapid 'infiltration . systems use" application rates as High as .3faU" ft/yr 
(llu m/yr) and annual- nitrogen loading up to. 36 UUO lb/acre (40 iJUl) 
kg/ha) on highly, permeable soil s. ..Al thotigh grass is sometimes grown on 
the receiving areas, the quantity of n-itrogen rem'bved'by the crop is 
only a, small fractioij of Uhe total :,api)l'ied 'aind exerts little influence 

■.on the qualityyof the percqlating watir* Much of the quantitative data 
q/1 rapid in.ffltration systems is 'derived - from the Flushing Meacfows 
project,- at'Phoenix; Arizbna. Lance 'and J^islerconcluded-that.the only 
feasible '.mechanism for removing the large quanti.ties of .nitrogen in 
high-rate a|>pl icatibns is denitrifijcation [7]. Bouwer et al . reported 
that -overall nitrogen removal during sequences 'of long flooding and 

.drying; periods was ^about 3u% lii}. ^ Reducing the infiltration (rate 50% 
had t^e ef'fgct of increasing nitrate . removal to bO%. Lance published a 
table shbwi.ng calculated percentages of nitrogen removal,, ranging between 

.75 and au% using different.maaagement. systems [62]. The systems/' involved 
reduction of the infiltration, rate or recycling -hi gh-Vii Urate percolate 
and mixing it with ' secondary effl uent prior to-reapplication.. Ifvese 
techniques for -achieving, high nitrogen - removal , although promising, 
require testing on a field .scale before 'widespread adoption. 

«• ■.■.'*'■* ■ 1* 

• • ■ . ■ ; . ■ \ 

■ . t ■ ■ ■ ' . .', 

In the 'San^ee, California, project, municipal effluent applied to the 
alluvium of, a shallow, stream channel undergoes about 10 ft t3 mj of 
vertical, percolation ' followed .^by^ considerable lateral movemetrt • 
underground »[69]. Total nitrogen in the renovated water was reduced to 
1 .5 mg/l-v cpmpared to about 25 mg/L in the -spreading basins. At Detroit 
Lakes in Minnesota where about , 98 ft/yr (30 m/yr) of effluent was 
appLied by sprinkling on., a schedule of 20 h^urs on and 4 hours off, 
input 'nitrogen was converted ^ nitrate, but little dgnitrification 
occurred and nitrate. appeared in the .groundwater at concentrations jequal 
to the influent [70]. In another system' with a loading rate of 45 ft/yr 
(14 m/yr) where 2 weeks of .wetting vyeis follpwed by 2- weeks of dryi ng, 
70% remoyal .-of total ' nitrogen was achieved [71]. ^ At Fort p^ens\ 
Mass.aciiusettsr where rapid infiltration of primary effluent halbeen 
used since 1942, recent ,aata show, -that where,'91 ft/yr (28 m/y^ of 
wastewater* was applied on a schedule of 2 days of flooding: foil owedj by 
14 days of drying, ~fiitra.te-nitrogen concentrations in the .groundwater 
were 20^ to 4u.% of the' average total nitrogen- input "level.* of .'47 "mg^L 



A.4.3 ' Overland Flow Systems . 



Land "application of wastewater on fine- textured soils of low 
permeability has, been made possible . by development of the overlapd flow 
treatment mfethod. ' The relatively high,clay consent of such soils is' 



taidvant'ageous' in ni trogen r^mqyal because 'of -theitT increased- c/pacity for 
'adsorption of ammonium and slow diffusion*^ rates of *gases through them, 
'tRereby ' permitti'hg. developrfient of an anaerobic zone near the surface. 
Hoeppel et al , tiave shown that concentr^tiohs - o.f NRt and ^ W)^ / ^ in 
surface runoff are linearly^ctrr'elated^-wit'h flowrate, indicating that 
efficiency, of nitrogen- removal depends on time of contact between water * 
ana.^the soil surface [57]. ^ ' - ' ,\. ' ^ - 

^ . : - . * ^ . ' ^ i ^ 

In this mode of treatment a ground cover i^ reqi^ired, 'usualTy.a spect$s' 
of ^ grass th1^t *is''tolerant of wet canditions, ^such »as. Reed canary grass;!? 
The rates of apRljication jn some , overland flbw^systems/^exceed pi ant' 
uptake by a substantial margin, . but plant uptake- un^^ an 
important role in ^ni.trogen removal • ^ CaVl'sbn ' et' al • - repqrted a- 
pronounced' gradient in th6 growtn of . grass betw^^en the 1 ower -and jupper, 
eria%. of • the ■ slope^ in their mode9^, with nitrogen deficiency evident at 
the , lower and, whicft shows that mu,ch,of the inorganic nitrogen 'present 
was assimilated the grass, lost .to denitrificatton, or ;<)oth [b6]. 

in Addition to Vrop uptake, .the ifeport^dtsprocesses-in-vol ved in ni;tfogen' 
^removal ' ^ during bverland flow may tncl ude . ammonia Vol ati 11 zationv 

'adsorpt.ipn • of 'animonlum bj? clays and organic .matter, immobilization, and. 

derti trificatibn... linsufficient 'daita J are . available . ato evaluate the 
^relative import^ince of th^se <pr.6cess&s under a^ -particular' set of 
.circumstances. '. Law; et al. reported tfie maximum! pH of cannery waste, at 
.the- Paris, Texas, ' si tp was 9.,3,. while the value' in the.junoff w^s cjJ 

[26]/ At; these values; ammonia yo^a.t^^ izatjojDkcoul-d be appreciatjle. 
.Ammonium Adsorption 'fs prob'ab.ly involved in^ development of a slope 

gradient in nitrogen aveii Table to the grass. > i 

A . ' . ' ^ ' ■ ■ . - ; *^ 

The. overland flow, system^is jdea'lly adapted to the .nx/trifiQation- 
'denit^^ificatibn sequence; 'Which requires aerobic and anaerobic zones 'in 
close proximity. Applied wast^watef ,is raerat^d^ as it^contacts the 
atmosphere' as a thin film flowing over the surface, thereby permittinjg 
nitrification to^''occur^ Nitrate thus fpnrred, diffuses into the soil ,^ 
encounteriYig reducing conditions in whtch denitrif ication can proceed. 
The . presence of living plantSu provide^ a ffiat of organ>t debris^and root 
excretions which can , be* used as a substrate by denitrifying bacteria. 
Conditidns r are . .even/more favorable /or denitri f ication with wastewater 
jif ' .high bOD, '„Stich« a^ cannery effluents^ TIfjomas states that 
/denitri tication is the. major mechanism of nittogen removal in overlartd 
flow systems {i^]. Another* aspect of . the' role of plants-is "their 
influence- on the loss of nitrogen "through th'e'nitrificat^ion-^ 
denitrificatrqn processes in the roqt zone. PI ants-capable of surviving^ 
in ' wet environments have a mechanism for transl ocating. oxygen from the 
tops, to, the rgots, and may even jexcrete oxygen from the. roots. ^For 
example, healthy rice roots grown in flooded soil -often have a reddish 
coating due to . hydrou$ oxides of ferric iron, clearly ^denoting an 
oxidizing micro-environment even though nega.tive, or strongly reducing 




041 dation-reducti on .. potential s exist in the,*soil prSper. In the 
immediate' root, zone, ' jor rhizosphere, ' nitrification ma]': d'Ccur,' after 
whicTi the ^nitrate. so formed will diffuse away from the ,site of. formation 
and be " denitrified. . ''In support of this view is 4:he .Observation Jthit 
nitrogen losses occur in rice soil s even wiien ammonia sources .are placed 
directlyyin the reducing zone [73]. ' • ' " > ' ■ / 



The overland 



flow systems for which data are available show high 
ni1;roger\ removal efficienc''ies. Law et al . reported bS'to 90% removal of 
total nitrogen from canriery wastes applied on grassland at the' rate^of 
51.5 Ip/acre-yr (578 kg/ha- yr) of -nitrogen [Zb]. In this case whare most 
of the input nitrogen was; Q.rgani^^^^ the wastewater h^d' a hi^gh 'BOt), it. 
is possible that much of the ^^ied nitrogen was i ncorprfra ted into-' ^he- 
soil organic , fraction. Johnson - et al. . cite bui removal of total, 
nitj^ogen - from raw sewage, at Melbourne, Austral ia. [67]. Hoeppel et al . 
reported nearly complete removal "of NH}, or NO3 by a model over- 
land flow system using -municipal wastewater on- a kaoli-nitic clay soil 
[57]. . . , \ . • . ' 



'A. 4. 4. Wetlands 



0.. 



Very little infoOTati on is av-ai Table on the use- of marshes and; wetlands 
for- Wastewater ' treatment, but - a coYisideratipn of the .foregoing 
dii^cusSion on" the factors "tKat* favor the denitrificati6Vproces,s wjl 1 
jnaRe ->1t evideht^that such areas have the requisite chara(;teristics of a' 
-ni-trogen; sink. Iii' marshes and swamjjs, . the rate of plant growth is 
' greater than the. riite' o.f decompositi.6n of plant residues as a result of 
exclusion of oxygen from the silrfaee soil by excess water, since in an- 
anaerobic environment' decomposition of plant. residues is neither, rapid 
■..npr -extensive. Hance, soils formed under the,se conditions typica-ily 
have high organic matter levels,,, some falling in the peat and muck 
categories. Abundant^ organic matter and an a'e»wbic-anaerobic zone at 
the mud-water, interface provide excellent conditions for dehitrifi cation. 
: The potential for nitrogen- removal is il lustrated by consideration of 
the area 'of peat and miick soils in' the Sacramento-San Joaquin delta area 
of California. When these soils are drained, aerobic decomposition of 
the soil above the v^at&r table is so raOid that;. subsidence up to 3 in./yr" 
* (7,^5 ,cm/yr) is observed. The organieiitrogeri in the soil is mineral i zed 
and convat^ted -to. nitrate, which appears- in theVd rained soil afrt%h con- 
centrations. A subsidence of 2 in.,/yr (5^ cm/yr) represents the release 
of nitrogen in the inorganic 'form of about .4 500 lb/acre (5 050 kg/ha). 
Notwithstanding this enormous input,*, the drainage r waters and ground- 
water in the area maintairf low concentrajtions>*f nitrate as* a -result 
of denitrifi cation in the saturated zone. 
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*toveh "^nd AvTiiitfelech have''reported substanttal enhancement of ni trate - 
.removal by sprinkling or flooding soils in*^ the Hula valley in Israel , an 
area' .previously . covered by a lake and marshes [74]. When the water' 
level - in a ^ fjeld was raised to • th6" surface by flooding, the redox 
potential dropped- to about -VUO 'mV throughout the profile,: and the 
nitrate concentration in the top layer dropped, rapidly from 1 250 to ,250 
•,ppm7 (soYl basis). The quantity of nitrate' reduced was' 1 650. lb/acre 
•(1 850 kg/ha) of nitrogen, or about 70% of the amount initially ipYesent 
in' the top 3 ft -(1 m). In another experiment, the soil wasVwefted ,by 
/sprinkling for abx)ut 20 hours at a rate lower, than the infiltVation rate 
•so that 'the* suHace soil remained unsaturated. In this case, nitrate 
disappearance from the^ tx)p, 3%^ftv (1 m)' was about 9BU l^>./acre (1 100 
kg/ha) . ' These- authors^ -emphasized the, importance' of surface drying 'in", 
releasing readily available organic matter,' .which stimulates oxygen ' 
consumption and provide? a/ substrate* for denitrifying bacteria. In 
.layers that 'remained permanently wet; even though the redox potentials 
were very low, nitrate reduction was negligible. , ' 

. . • .. - . . / ■ " . ■ ' ' ' 

Engler and Patrick i nves'tigated. nitrate removal from floodwater in 
^relati^ely undisturbed cores pf* a fresh^wate^r swamp soil .and a saltwater 
marsh soil in Louisi-ana [75]; " The latter was more effective in nitrogen 
removal, with an av&rtfge rate of lb/acre*d (5^.2 kg/ha-d) while the 
fresh water swamp soil removed IJi Ib/acre-d (3.3 kg/ha-d). Addition of 
.organic matter "to a rice^^oil wa^ shown in. other experiments to have the^ 
effect of decreasing the depth of soil through which nitrate had to 
diffuse betbre being reduced, and this tfrasticaliy increased the rate of 

-ni trate removal . - ^ ' . • 

. ■ \ ■ . , *, ■ ' . ' » 

A. 5 Sirnimary . ^ • 

The important processes involved' in nitrogen removal from wastewater 
applied to lai^d' are ammonia volatilization, crop removal, soil 
ao-SQjrption of ammonium, incorporation into the soil organic fraction, 
and ofenHn^fication. ^The rel.ativ«e ..contribution of .individual processes 
to \ overal VN^^trogen removal is dependent on a large number of soil, 
climatic, andAmanagement parameters. While it is not yet possible to^ 
predict nitrog^ removal in a particular situation with a high degree o,f 
confidence, enough is known about the influence of lo^nagement factors, 
such as loading rates, flooding and. drying pejriods, andvtype of plant 
over, to design sj^stems that will remove the major part of dnput 
itrogen for a wide variety of, disposal requirements and local 
circumstances. . ■ ^ • * ■ 
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APPENDIX B 
' ^ : PHOSPHORUS; 



v3.1 Introduction 

.;Phosphorus (P), in the element form, is a highly reacJtive material and. 
is thus usually found in nature in an oxidized state in combination with 
oxygen and a number of ' mineral elements. It is also found in many 

^organic compounds in; naturally occurring ^materials. Because phos- 
phorus is essential for all forms of life,' it must be present in avail- 
able forms in All soils and waters if these are to be biologically pro- 
ductive. The production of large amQunts of biological material s on 
land surfaces is usually considered desirable; because these can be used 
for food,, fiber, fuel , and building' mater ialiSj, In waters, however, the 
production of 1 arge amouKtS of. btol ogical material s usual ly causes un- " 
desirable effects. thus/ on agricultural land; material s containing 
phosphorus are added to increase biological production; whereas in most 
waters, attempts are m^de to keep the phosphorus concentration within 
low limits to . avoid ui\desirable productipn of organic material s , that 
cause problems in the use of water for municipal , industrial, agri- 
cultural ,^and recreational purposes. 1 

Concentrations of phosphorus in municipal. wiaistewaters.us:ual ly range from 
about 1.0 to 40 mg/L, depending- on the php^phbrus concentration of the 
input , water and removal during treatment [lT3].^r^^homas used 10 mg/L as 
a typical phosphorus concentration [4]. Mo^(t condfentrations are usually 
less than 20 mg/L. ^ 

On the other hand, the concentration of phosphorus in the soil ' solution 
'in most soils is. usually between 3 and 0.p3..mg/L [5], but typical con- 
centrations are aT f ew tenths mg/L [6]. Because of these differences in 
ranges of phosphorus concentrations between .Wstewaters and soil solu- 
tions, a reductipn in phosphorus concentration as the wastewater enters 
the soil is,* to' be expected. As. a result of various adsorption and 
precipitation reactions, the concentration of phosphorus will decrease 
as the wastewater enters the soil, .depending on the intensity of these 
reactions, the capacity of the soil materials to maintain them, and the 
time allowed for them to proceed. Harvested crops also serve as a sink 
for the added phosphorus and a certain amount returns to the soil annu- 
ally in plant . materials (roots, stems, snd leaves) that are not. har- 
vested. 



The objectives of this appendix are: to discuss the reactions of phos- 
phorus with, soils, to show their applications to the^j^embval of phos- 
phorus, from wastewaters applied to soils, and to assess the present 
status of' our abilities- to predict the capacities of soils to remove 
phosphorus from such waters. The chemistry of phosphorus in soils, 



;<^lants, and" waters is complex,, and the literature/ is voliiminous. Con- 
. sequently, no attempt has b'eeh made to provide/a complete literature 
• review. Report? and textbooks that do review the/.l i^erature are avail- 
able, 'including RusseW [5], Tisdale.and Nelson [7], Larson [6], Holt et 
'al. [8], and Ryden'-et al.-[9]-. / • ^ - ' 



' B.2 Removal Mechanisms 



Tne phosphorus that.enters- a soil in fertil izers, wastes, or wastewaters 
is (1) removed in-harvested crops; (2) accumulated in the solid'/ptese of 
the soil as organic cpmpounds, adsorbed ions, or preGipi-tated/iriorganic 
compounds; (3) 'removed by, soil erosion as soluble phosphords or phos- 
^phorus adsorbed or precipitated on soil particles; or '(4>v1eached.frofn 
the root zone' in percolating water. The chemical reactions between 
added soluble phosphorus and soil material s or sediments influence the 
availability of phosphorus to crops and the desorption or solubility ;of 
phosphorus when the soil materials become sediments in' streams and 
lakes, and control the leaching of p^iosphorus through soil .profiles. 

The amount of phosphorus- in soils is usually between o;01 and 0.2%, but 
heavily fertilized surface soils can contain greater amounts / Usually 
much less than 0.1% of the total phosphorus in soijs .Is soluble in 
water. Sol id phase phosphorus consi sts of ( 1 ) .organic phosphorus , the 
quantities of which are highly depencfent. on the- -amounf of organic matter 
in the- soil; (2) inorganic compounds; and j3) phosphd^'us adsorbed on 
'Various types of surfaces in ,tlie soil. The orthophosphate form, in 
which one phosphorus atom is comb^i-ned with four atoms of oxygen, is the 
most stable configuration in the soil environment. 



In. discussing the reactions of phosphorus with soils arid sediments,' i t 
is as'sumed that the phosphorus is iri the ^orthophosphate form and that 
other forms convert to this form in the soil system [lU-13]. The Main 
soil constituents that. react with phosphorus at concentrations usually* 
found in wastewaters are (1) iron and aluminum as soluble ion^, oxides 
and hydroxides, and silicates; and (2) calcium as a soluble, ion and as 
carbonate. ■ \ 



Soluble inorganic' phosphorus inti^oduce'd into a so.il is chemitally ad^- 
sorbed on surfaces and can also be precipitated. In the adsorption 
prpcesss, the reaction is with iron,, al uminum, or calcium ionsi exposed 
on solid surfaces'. ^Reactive. /iron and -aluminum surfaces can occur at the 
broken ed^es of crystalline Clay minerals, as surface coatings of oxides 
or hydroxides on crysta^llipe clays, and at the surfaces of particles, of 
oxides and hydroxides and of amorphous silicates. Aluminum in the form 
of positively charged hydroxide polymers and a,s- an exchangeable n'on in 
acid soils -can al so .adsorb phosphorus. Reactjive calcium surfaces are 
mainly found on solid calcium carbonates arid calcium-magnesium car- 
bonates. Precipitation reactions occur with 'soluble iron, aluminum,, and 



calci'ufn/ ^ Partic]es 6f phosphate compounds can also form separation 
► of adsorbed phosphorus along with. ir6ru, alumijium, 'or calcium from sbjjd 
surfaces. * * ' • 



The reactions of phosphorus, with soils are complex, si.nd the soi\' syistam 
is complex. ^Consequently', the uncertainty whether phosphorus is being 
adsorbed or. precipitated leads to the use of the-' term "sorption," which 
covers both procesSers and means only that the' phosfthorus has been re- 
moved from solution. j\ • ' ' " 

■J- ^ ■■ • • . , . . , ■ . •• . , . 

A given soiV^material does hot i^ave 3 fixed capacity^o sorb the phos- 
phorus added in wastewaters. Sorption is dependent not oply on the 
conce^ntration of phosphort^, in solution, but also ^-^^on a /number of 
facl^ors, including soil. pH, temperature'/ time, the total ara;ojjnt of phos- 
phorus addedi a'nd- the concentrations of_ varipus constituents in the 
wastewater that directly react with phosphbrus or that influence such 
soil properties as pH and oXidation-rediJSitian cycles. Another basic 
factor is that the downward movement of phosphorus in a soil" profile is 
diffuse. Because the capacity f^r 'sorption of phosphorus is con- 
centration-dependent, . there is a large transition zotje between highly 
.enriched and nonenriched soil wh\ch is describi^ a& Vdif fuse rather' 
than as an abrupt boundary, as illustraited in Figuref B-\. That is, a 
given depth interval jradiially accumulates/ sorbect and 
phorus /' and the breakthrough curve ' at thre bottom of 
extends over considerable time and/or volume of effluent. 

B. 2. 1 : Crop Removal 



soluble phos- 
a soil column 




In most cropped soils,, the application of phosphdrus increases growth of 
plants. However, as more phosphorus is accumul ated (i.e., excesses are 
added), negative effects ar6 sometimes found. These decreased yields 
that result from -excess available phosphorus in the soil -are indir.ect 
effects of phosphorus onrthe availability of copper, .iron, and zinc and 
are referred to as .nutrient imbalances [14-1 7 J. Corrections of these 
imbalances can be made by soil or foliar^ applications of the needed 
elements. 

The removal ^ of phosphorus in harvested ciCops depends on the' yield and 
the ptiosphorus concentratior) in the harvested material, which in turn 
are dependent on the crop, soil , climate, and management factors,, in- 
cluding the amount of phosphorus added to the soil Typically , the 
harvested portions of annual crops contain only lu% or less gf* the fer- 
tilizer phosphorus added during the season in which the crop is grown, 
but recoveries as high as 50 to 60% are possible [5]. However, recdyery 
is. low not only because the soil reacts with the added. phosphorus to 
make it less available, but alsc because '^pl ants absorb considerable 
amounts of phosphorus^ ^ frociv soil supplies, including the residues/from 
applications' in previous years. Jhus, the total removal 'per year as a 



fraction of the total added per year i S'lnore 'iinportant than the recSvery 
of that: added;during the year the' crop is growtu'-* 
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Data for amounts of ' phosphorus removed by the usual harvested portion? 
of selected- agronomic, vegetable, and fruit crops are presented in Table. 
B-V. VaYiations range from as'low as 10 Ib/^qre-yr. (IV kg/ha-^r) to as 
high as b5 .Ib/acre-yr ^95 Icg/tta-yr)/ ■ , 



^ TABLE. B-1 . . 

■ « ■ ■ ■■ . ^ " . . • 

REMOVAL OF PHOSPHORUS BY T'HE USUAL HARVESTED 
/ PORTION OF. SELECTED CROPS 



it:'- 



Annual crop Phosphorus 
yield, uptake, 
Crop per. acre '.Ib/acre-j^r 

Corn [18] 180 bu ' ^ 31 

Cotton [18] . ; 

Lint and / 

seed . • ■ 3 700 lb 17' 

'^Hheat [18] • 80 bu . 20 , 

Rice [18] . . 7 000 lb ,20 

Soybeans [18] 60. b\\ , 22 \ 

Grapes [18] - 12. tons • ^. ]P 

tomatoes [18] . - - --^40 tons . 

Cabbage [18] 35 tons 16 • 

Oranges [18] 600 'bo^eS- .10 

' * . (90 Ib/boxJ 

^ Small grain, corn- ^ 

hay rotation [19'] . v*r^^. 

Reed canary grass [19] . . . .V. , /r^. 40 

Corn silage ,[19] 27-36 

Poplar trees [20] ............ , 23-62 

8arl.ey*sudanr grass ■ ^ . 

rotation ^or forages*^ ^5-85 

Johnson grass [18] 12 tons 84 

Guinea grass [18] 11.5 torts .; 45,*, 

Tall fescue [18] o 3.5 tons 29 . 

- _ - ' ' ' - >\' ' 

a. Unpublished data for barley In the'Wlnter 
followed by sudan grass In the summer. 
P.F. Pratt and S. Davis, University of 
California, and USDA-ARS, (riverside, 
, California. . ' . 

1 lb = 2.2 kg 

1 acre = 0.405 ha . 



Amounts ';of phosphorus remoyad by'.Cropl^n range by an order of ntag-y 
.nitude and ,are higher with forage/ crops than wvt^ most other crops. 
Removal in . harvested materi'als, as a" fraction of t,hat added, -decreases- 
as the amount , of pjiosphdrus a-dded increases. Where double cropping 
durihcf _a,lang season is pps-sible,'reniO\^3il ean be nearly double that- 
where onlyone crop can be grown. . . • - 

■ ' • V' ' ^ ■•■ ■ • , ' ' ' ; ■ ' ■ ' 

■ B'.2.2. Adsorption . # 

'when solutions containing soluble phosphorus at concentrations usua'lly 
Jound .in -K^eclaimed waters (20 -riig/L or 1 ess) arfe added to soil's, the ' 

- initjal (and more rapid) react.ion can be described by the Fre'undlich or 
Lang.mu.ir equations. Slow reactions, such ,as prepipitation, are not 
modeled by these'- equations so that their use wil 1 yield conservative 
results. • 01 sen and Watanabe found that, (up tb an equiribrating con- 
centration of nearly 20 itig/L, using a reab<tion .time of 24'hours, the 

.reaction was ^described b'y the La'ngmuir equation [21 ]. .That is, if a 
•water , "Containing any specific concentration of phosphorus within the 
range ':"of a few to 20 mg/L' is added to a ^oil and'allowed to equilibrate 
for 24 hours, phosphorus will be sorbed by th'fe soil and the con- 
centration in solution will decrease. If a number of waters contihining 
various phosphorus concentrations are added to samples of the same soil, 
a relationship between phosphorus sorption and final phosphorus con- 
centration can be described by the Langmuir equation. From this equa- 
tion the. decrease in phosphorus concentration and the sorption- gf phos- 
phorus qan be predicted for any otfter initial concentration using the 
same soil and reaction time. But at equil ibrating conc^ntreitions 
greater than 20 iiig/L, the reactions in most soils are not described by 
this equation. ■ ■ ; . 

Larson 'concluded that, in, dilute solutions, adsorption, generally follows 
the Langmuir eqliation where a plot of C/V against C (where ,C is con- 
centration and V is phosphorus adsorbed per unit weight of soil) gives a 
straight line [6]. Larson reported that. a study of 120 sails showed 
■straight line relationships of C/V to ,C up to concentrations of about 19 
mg/L of phosphorus. Above this concentration the- C/V-C line curved, 
indicating that the adsorption equation was, no -longer valid. At higher 
concentrations, th^ coricentratioVi was assumed to be limited by the for- 
mation of sparingly soluble compounas., and the vailue V increased as more 
of these cdmpounds were formed. : , 

■ ; ' ■ _ ■ • I , 

Ellis. [13]. and Ellis %nd E'rickson [22] used the Langmuir equation to 
calculate relative capacit.ies of soil profile! to retain phosphorus. . 
The retention of phosphorus at a solution concentration of 10 mg/L. 
ranged from 71 to 95% of the. adsorption maximum calcul5tte4, from the 
Langmuir equation for a; number of soil materials'. Amounts retained from, 
a solution concentration of 10 mg/L ranged frdm 77 to 1 898 lb/acre*:(96 
to 2 126 kg/ha) for 12 in. (30 cpi) depth Intervals, respectively, for a. 
dune sand to a clay loam. The reaction time In these- stOdies was 24 
hours. ^ . • ' . 



Even though the original or. initial capacity to retain phosphorus can be 
described by adsorption equations, the retention-increases as" a function 
of time. so that the initial rejenti on is only' useful if the ratio of the 
slow reaction to" the. initial reaction is known' tor each soil. The slow 
reaction involves* the formation of precipitates of limited solubilities 
and trie regeneration of adsorptive surface's.- cVystaTlization of pre- 
...'Cipitates a>so reduces .their solubilities. Thus, thjare is small prob- 
-abil it3*tthat ; Langmuir- adsorption equations will be generally useful in 
predicting quantities of phosphorus that will, react with $oil s over 
periods of months or years. * ^ , 

B.2..3 Precipitation /. - ' • 

f The dominant precipitation .nsjactions. in, soils are with calcium, iron, 
and aluminum ions. Reactions of phosphates with ironand aluminum are 
not completely identical, but .they are sufficiently similar that for 
•some parts of this discussioTv they are; considered together. 

. . ■ . ■ ii . -i ■ . ■ . " ■ ' ' ■ . ■ ' ■ ■ ' 

Qualitative and quantitative detenrii nations"^ of definite compounds or 
minerals of phosphorus in soil s are difficul t. Empirical extraction 
techniques, such as that of Chang and Jackson [23], have been used to 
semiquantitatiite-ly differentiate .ambtig calcium, aluminum,- irOn, and 
♦organic phospnates. More .definite deterniination^ of specific cor.ipounds 
have been .r made [24-2a], bh these aA^e qualitative determinations of 
reaction products foirmed frorn high concentra'tions of soluble phosphorus 
usually pear, simulated fertilizer. bandSi Anotlier approach is to study' 
the formatibji and stabrlity of phosphorus compounds in sol utjonS and 
. then assumiP that the same compounds form in soils under similar chemical 
conditions, or to study phosphorus, reaction^ with rel atively pure solids' 
and- assume that the same reactions occur, in soil s. VThese-various 
;approaches lead to the same generalities concerning phosphorus compounds 
■in soils. ■ , .... , -.y^. . 

The dominant iactor that detennines vyhether calcium phosphates or iron 
. and aluminum ».i||5phates form in soils, is the pH. The phase diagrams 
presented by LTjndsay and More'rio for a number of phosphorus compounds 
suggest that calcium^^pripounds predominate above pH. 6 to 7, and iron and 
aluminum compounds predominate below 'pH 6 to 7 [29]. The exact pH 
.Cannot, be specified without knowing the calcium" ion activity and the 
calcium phospliate; specie^ thait is control'ling the 'solubility, of phos- 
phorus^ Larson stated that, as the p.H decreases, a level "of^idity is 
found' ax which calcium phosphates can noJonger control 'pb<Jsphorus solu- 
bility, and he. suggested that.this lower limit-mlght^b^H 5 [6]. This 
limit might be found if fl uoroapatite is the c?lTfum- phosphate con- 
trol ling the phosf)horus concentration in so luti^on, whereas when hydro- - 
. xyapatite or octdcalcium phosphate is the controlling cofnpound, the pH 
limit, would be hear 6. When dicalcium phosphate di hydrate is the con- 
trolling calcium compound, the- pH 1 imi|,,would be near 7. For these 
limits, it is assumed that iron and aluminuit^'lgkre pr'esent in the soil and' 
cornpete with calcium for control of the ptfesphorus solubility. The 



partial^ pressure of carbon dioxide in the soil can inl^luence the acti- 
vity of.'ealcium ions ana thus exert an effect on a calcareous system. 

The usual, concentrations ^of Iron and aluminum ions in solution, in the- 
acid pH range 'where iron and'aluminum phosphates may form, are so low 
that the direct precipitation 'of iron and aluminum phosphates is- un- 
likely.. Concentrations of iron and alumingm in the soil solution of 
•moderately acid to si ightly al kal ine soil s, . pH/5.5 to. 8.0, are in the 
range of a few /xg/L or in the^ parts per^.bil-Uon 'range. An exception to 
this statement can be found in highly acid soil s containing exchangeable 
aluminum" in suTficieht quantities that direct precipitation of aluminum 
phosphate might occur. Exchangeable al uminum, measured by extraction 
.with a potassium chloride solution, in excess of about 20 ppm in the 
soil can be expected to cause a direct precipitation of phosphorus as' 
amorphous aluminum phosphate. A more^ general pathv^ay for formation of 
iron and aluminum compounds, when dilute solutions of phosphorus are 
added, is that the phosphorus first reacts by adsorption orr surfaces 
containing- reactive iron and aluminum, followed by a breaking away from 
the surface to form amorphous forms pf strengite (iron phosphate) or 
variscite( all uminum" phosphate); which then slowly crystallize into more 
ordered and less soluble forms of these compounds! 

There is thermodynamic evidence that ^the phosphorus adsorbed on iron 
surfaces is stable in the- well -aerated soils, whereas surface-films' of 
phosphate on aluminum surfaces are not ^5]. This suggestion is that 
aluminum phosphates break away from surfaces, exposing a new surface to 
continue . the adsorption process, whereas iron phospha,tes do .not follow 
this pattern. Thus, well-aerated soil s cbnta,ininq>^inantly al uminui^ 
materials would have much. higher capacities to ritaih phosphorus than 
soil s containing dominantly iroh materials. Taylpf^et al . found that 
iron materials were much less imp6rtarit than al uminum material s in the 
initial reactions of ammonium phosphate with soils. [30, 31]. If soils 
undergo alternate cycles of oxidation, and reducfidn, surface iron phos- 
phates are, more unstable than J:hose of al.uminum^ecause of cycleS of 
reduction pf irbn to the ferrous form and .dxidation to the ferric, form. 



In- contrast to the situation with iron .and -al umiriUnij for which con- 
centrations in the soil .solution aire usually in 'the>g/L range, calcium 
concentrations are in the mg/L range. Concentrations of 10 to 200 mg/L 
are common. In neutral and alkaline soil s irrigated with wastewaters, 
^calcium concentrations, are likely to-be sufficiently large that calcium 
phosphates , will - precipitate directly. Under alkali r»e conditions and 
q^ilcium concentrations of 20 to 200 mg/L in the soil solution, dicalcium 
phosphate.. dehydrate can precipitate directly from solution, depending on. 
the pH and the phosphorus -concentration. This compound then redissolves 
and, the less soluble octocalcium phosphate forms. With more tiirre the 
octocalcium phosphate -is converted to the less ^luble hydroxyapatite. 

.^nother significant difference between the iron and aluminum phosphate 
system and the calcium phosphate system, relative to the application of 



wastewaters ' to soils, is that these waters may have onlyr.traces of iron 
and aliinnnum, but they usually.have .substantial amounts of calVium. The 
•reactions with iron and ^aluminum are thus limited tb the^ suRpl i^s of 
these in the sail or sediirient, -whereas the water may ^supply i ts own 
calcium, setting up a system tfrat can precipitate cal ciiim^hosphates 
indefinitely. In calcareous soil s the calcium from calcium carbonate 
■,,can also be a highly significant source for precipitation of phosuhorus 
oyer an extended period of time. . • 

•The Yeacti'ons of phosphorus with organic soil are qualitatively the same 
as- , in mineral soils, but' the Capacities for sorption are usually much 
smaller. Many organic soils have small quantities' of iron and/or alu- 
minum, and calcium -and thus are not. highly suitable for removal of phos- 
phorus from wastewaters. Jhere. are organic >ils that have accumulated 
iron ...and aluminum - materials that have reTatively large capacities to 
»sorb phosphorus and -there are calcareous organic soils that will retain^ 
phosphorus. Howeyer, as a general rule, mineral soil s will be more 
suitable for removal of phosphorus from wastewaters. 

B..2.4 Reaction' Rates ^ 

' • ^ • ■■ .- . ' ■ \ ' 

The i.nitiat adsorption .of phosphorus from: dilute solutions is rapid. An 
apparent equil ibrium is attained in a few days [32-35]. But following 
..this_^\apparent equil ibrium, tfjere are si ow reactions that continue for 
months^, or years [10, 36-47]. Elli.s and Erickson found that most soils 
.repover^d... tneir sorptive* capacities in about 3 months [22]. Kao and 
BiancharV foundf that the adsorptive-capacity of the Mexico so,il of the 
Sanborn \fi eld at CQlumbia, Mi ssburi, had changed little afteH 82 years 
of phosphate fertilization '[48]. -Barrow and Shaw found that thb rate of 
the_ slow. \ reaction decreased dramatifcally as the temperature decreased 

This slow reaction i^s perhaps mostly the result of the precipitation and 
crystallization of highly insoluble compounds, such as the conversion of 
dicalcium phdsphate dehydrate to octocalcium phosphate " or hydro- 
xyapatite, and \the exposure of -fresh adsorptive surfac^s where pre- 
viously adsprbed- phosphates, slough off from surfaces of soil particles. 
The. r-el^tionship between adsorption and precipitation can be-il lustrated 
by the equilibriuiti, reaction' [6]: 

/ \ '■ . ; ■ ' ' ■ ■ ■ . ■ ■ ■ . 

P adsorbei^S;^ in solution^? .precipitated (.B-l) 



If soluble phosphoVas is, added or removed, the immediate reaction is 
with ;the phosphorus adsorbed, but at equilibrium; the, precipitated forms 
control the phosphorus in solution. Equil ibnium is attained very 
sl.owly, liowever, and ' under condi.tions of irrigation with wastewaters 
where: phosphorus is added periodical ly if not continuously, the reaction 
will .l?e to the right; and the system will be continuously in a state of 

•' ■■ ■■■■ ■ . 408 ■ ■ 



(iisequiJjLb^[[\. DeHa^n repbrteci:'1:hat tKe adsorptiye capacity of a soiT 

was trfo snTaW' to account' for the l arge arfiount retarned and suggested 

that-; Msp^rption occurred during •the application^ s/tage and that bre- 
cipKatren took ■ place driri/ig. ti>e- resting *stage witH a regeneration of 
the adsorotiJe capacjtyr [49]/ : t / j ^ 

■ I • ' ' • ■ . ^ / • *• ■ . 

Bi2.K Leaching / \ V' . / - " *: . 



The' leachyng of phosphorus from ttie root zone of 4 cfopped land^are&j or 
from the 1 surface , sail material - in any wastewater treatment' projiect 
diepends oln • the . amount of water, that moves across the boundary being 
consideredVand the pjiosphqrus concentration in that volume. The amoiinV 
leached may calculated as foil ^ , ']■-■ 

/4iount leached = 0.225 WC (U.S. customary units) , (8-2) 
/ Amount leached =| O.l WC P(SI units) . . , {B-2a) 

where a^^ is in Ib/acre-yr (kg/ha-yr) , / 

w= water that moves across the boundary, in./yr (cm/yr) • 
* Cp^^-cOncentf^ phosphorus, mg/L • 

Because volumes of \percolating water are small and concentrations are 
low, the downward moyement of phosphorus in croplands 'is usually a very 
slbw process. If 12 in. (30 cm) ^of water percolates past a given 

: boundary in the soil profile and the concentration of ph^phorus in thi-s 
water is 0.2 mg/L, as might be *the case in well-fertil ized fertil e 
soils, the /amount' of phosphorus leached is 0.54 lb/ acre (u.6 kg/ha). 
The amounts of phosphorus absorbed by plant roots from soil depths 

•beneath the zone, of incorporation of added phosphorus more than balance 
this amount; Thus,, under usual fertilizer practices in agricultural 
lands, the net leaching of phosphorus is uiSually very small. ' , 



Howe.ver, in rapid infiltration systems when^^ge volumes of water move* 
through the soil per year, the quantities'^ 

be orders of magnitude higher than is usuartor croplands. Under these, 
conditions of high f^ates; the limiting factor is the solubility Qf piids- 
phorus, which is controlled by the capacity of the soil to retain phos- 
phorus (i.e. , adsorption, precipitation, and reaction rates)w. 

B.3 Phosphorus Removal by Land Treatment Systems' 

Land: appl ication has been used for centuries; and there are hundreds of 
systems in use in the United States today. Although soil phosphorus, 
the reactions of fertil izer^ phosphorus wi th soils^ and the movement of 
phosphorus 'with., surface flows- and with leaching waters have been the 
subject of . many reports during the past few decades, studies of the 
behaV.ior of »phosRhorus in 1 and. appl ication systems. have been initiated 
only in the past few years. Thomas reported in 1973 that historically 



the effects of land treatment apprpachesr on' plant l.ife /soils, and' 
groundwater had hot received much attention [50]. "Thus, because tech- 
nica) questions dealing with the behavfor of phosphorus dUring waste- 
water appHcations to' .lands ' hav€^ been aske;OliiTy recently, there are 
very few reports on:iDhosphQr.us retention by soil s in l and ap'pl ication 
systems. • ^ . . . 

■ .B.3.1 SI 6w «ate Sys.tems . - 




rvSpl^ rate systems^, as ^.defined in Chapter 2. are -those in which total 

. :wastewater^appl TcatiORS range from -2 to 20 ft/yr.(0.6 to 6.1 m/yr) at 
weekly r^s; of 0.5 to 4 in. (1.2 to K) cm). ■ A vegetative cover is^^ 
.1 ntegral component of . the system ana can util i ze phosphorus- for crdo 
growth in accordance with typical- values given in- Table B-1 . " BecaQse 
the application rates are" similar to those studied in agricultural - 
systems,^ much of the ^information ^ainea from" agrfcTultural study" is 

! applicable, to ^slow rate ..treatment systems. Even thou'gh' phosphorus vis 
removed from solution rapidly in ;slow" rate systems by adsorpiiQii -and 
precipitation, it is useful. . to- quantify these numbers for engineerihq 
design purposes. Wastewater appl icatio'ns- are usually lirrfi ted l)y 

■nitrogen or hydraulic (J^siderations on a.short-tem basis, but phos- 
phorus application may be a limiting factor over the life of the system. 

For the purposes of this design manual ,. it is useful' to know the net 
phosphorus application ! to the soil, i.e., the quantity of phosphorus 
applied in- ,the wastewater after^-the removal by crops jis cfltisidered 
This value is useful in estimating the' i ife of system in AccoFaance with 
the empirical -model presented In Section B. 4. 4. . V ■ 

Crop removal as a factor in predicting .a net application of phosphorus 
on land IS illustrated graphically in Figure B-2, which shows therela- ^ 
tionshvps among, crop removals in pounds per acre per year, total phos- * 
phorus applications, and the net application to soil. 

* ■ . * ■ . ■ . ■ . • ■ ' , ■ 

The net application^ to the soil is important in estimating phosphorus ~ 
sorption as a prediction of the life of the svstem to retain phosphorus. 
An empirical model uses Figure B-2 as input into computing an estimate 
or long-tisrm phosphorus retention. 



Because of the .similarity of slow rate systems to usual practices on 
croplands,- 'much- of the information obtained on the behavior of phos-- 
phorus in crop production 'is appl icjible. _A numbejjof studies hav'e shown 
tha^r the retention of" phosphb^^us""near tlie pTaceJpf its incprporation 
into soils is high/, i.e., the movement fs. slow,, except in acid sandy 
soil s and in acid organic soil s containing only" small amoun>ts of iron 
and a uminum [5, -19, 51-56]. In- addition, the transfer of phosphorus 
from land areas to streams, for lands protected fronf excessive soil 



FIGURE B-2' 



NET PHOSPHORUS APPLICATION 
- TO THE SOIL- 




erosion, is, usually less' than 1.0 Ib/acre-yr . (1 .1 kg/ha-yr) [8, 9, 57- 
61]. These small amounts are insignificant'in terms of the efficiency 
of use of phosphorus by plants and they are small when expressed as a 
percent of the phosphorus sorbed by the soil. In terms of the quality 
of the drainage water, however, these smal 1_ amounts of phosphorus can be 
signficant, as illustrated in. Figure B-3. If phdsphorus concentrations 
greater than 0.030 mg/L are conducive to algal blooms in lakes and 
streams, some streams that contain maiply drainage, including both 
surface runoff and subsurface drainage, should have sufficient phos- 
phorus to support algal blooms [8]. Of course, in many streams, runoff 
from forested areas containing very loyy concentrations of phosphorus 
dilutes the drainage water from croplands" [8], and in some cases, sedi- 
ments eroded from stream, banks and nonfertili zed soils act as phosphorus 
sbrbing agents to reduce the soluble inorganic phosphorus in the stream 
[61, 62]. ' . " ,, 



The optimal plans for a slow rate system should involve (l)*a forage 
• crop that removes large amounts of phosphorus, (2) erosion prevention' to 
eliminate surface runoff, and (3) a long pathway consisting of sorptive 
materials between the surface soil and the point of discharge of the ' 
water so that concentrations of phosphorus are reduced to low levels, 
depending on the; intended use of the water. A sufficient pathway length 
might be 6 ft (if m) in clayey soils, but greater lengths should be re- 
, quired for sandy or silty soils. ' 

. ■ :■ ' „• ^ - " ^ ' ■ ■ ' 

B.3.2 xRapid Infil tration Systems c . • 



ERIC 



Rapid infiltration systems, as described in Section 2.3, are those! in 
which the wastewater is applied at annual rates of 20 to 560 ft (6^o 
170 m) , and weekl;y rates of 4 to 120 in. ( 10 .to 300 cm) . Vegetation may 
be grown on the surface of the basins, but since the typical applica- 
tions range from 550. to 15 000 Tb/acre (616 to 16 800 kg/ha) of phos- 
phorus, at a concentration of 10 mg/L^ the crop uptake is not a signifi- 
cant part of the phosphorus .budget. The removal' mechanisms of interest 
are based on the sorfxtion capacities of the soil. The chemical composi- 
tion of the wastewater is also important because the compounds of iron^ 
calcium, and aluminum, and pH arfe important in precipitating the phos- 
phorus from soiV solution. ' 

breenberg and Thomas , reported phosphorus retention by a Hanfdrd sandy 
loam during a rapid infiltration system in which water application was 
about U.5 ft/d" (0.^ m/d) [63]:. The phosphorus concentration was about 2 
to 3 m^j. in. the final effluent adaed to the infil tration^basins. 
During, about 2 years; of operation, all of the phosphortj^ added 'was re- 
tained in the surface^g^ot-of soil. The caVcium and bicarbonate concen- 
tr^iti.ons in . the watW- were sufficiently high that the soil would have 
become alkaline, and phosphorus sorbed could hrave been largely converted 
to calcium phosphates. jc^/. 
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<? ■ ' " FIGURE B-3 

RELATIONSHIP AMOWG PHOSPHORUS CONCENTRATIQ^, 
DRAINAGE fLOW, AND THE AMOUNT OF PHOSPHORUS 
' TRANSFER FROM LAND TO STREAMS 
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Perhaps, the most definitive report on' phosphorus in rapid infiltration 
systems has been done in the Flushing Meadows project [1, 64]. The 
phosphorus concentration in the wastewater averaged 15 mg/L in 1969' but- 
decreased to aboutv,10 mg/L for the 1970 to 1972 period. Phosphorus 
removal was increased with an increase in travel distance which was 
related, to time. A travel distance of 30 ft (9 ni) renioved^about 70% of 
the phosphorus in 1969. The removal was reduced to abbyt^iSO^ in 1970 
because - of a substantial increase in flowrate, and -it was' Vnqreased to 
in 1972. With a flow distance .of 330 ft (100 m), the phosphorus 
removal was about 90%. The effluent at this distance had a' phosphorus 
concentration less than 1 to 3 mg/L in the 1971 to 1972 period, and the 
reduction was greater with a'n even longer travel distance. After 5 
^o^nL of ^opei^ation of this system and phosphorus additions of nearly 
43 000 iD/acre (48 000 kg/ha), the removal efficiency was rather stable. 
The phosphorus*' removal mechanism in this coarse gravelly soil was pre- 
cipitation of calcium phosphates. 



The phosphorus removal in the Flushing Meadows project is -entirely 
satisfactory for reuse of water for irrigating crops even at short 
-travel distances,. The removal to the level (less than 0.03 mg/L) where 
phosphorus woulci limit biological production in laj<es is not definite 
m this rapid infiltration system at the high rates with this soil 
material'. . Perhaps, with time for attainment of an -equilibration with 
hydroxyapatite at high calcium cdncentrations and alkaline pH values, 
this concentration, would be obtained, but the required time is not 
known. > , 



Rapid infiltration systems naturally require coarse gravelly soils that 
can sustain high infiltration rates at the surface and also high trans- 
missivity from the point of infiltration to the- point of discharge into 
surface waters or intp, wells. This means that no layers with high 
sorptive capacity for phosphorus are likely to be encountered. What 
little capacity^there is-will soon.be saturated, and the retention will 
then depend on precipitation reactions. The most logical precipitant is 
the.' calcium supply/in the wastewater. If that supply is insufficient, 
application of a calcium supply may be considered if removal of phos- 
phorus is deemed to be necessary for future uses of the waters. 



Rapid infiltration systems natural ly. use a.cycle-of flooding' and drying 
to maintain the infiltration capacity of the soil material , and in some 
cases, to control insect pests in surface applied waters. Therefore, 
these rapid infiltration systems can -be considered to use flooded soils! 
These, cycles of reduction and oxidation can increase the phosphorus 
retention capacity of the soil if considerable iron is presen-t in the 
soil or in the wastewater. Reduction during flooding and oxidation 
during drying increase the reactivity of the sesquioxide fraction of thei 
soil, increase the phosphorus sorbed, and decrease the phosphorus solu-^ 
Dility [65]. Of course, most rapid infil tration systems will use coarse 
gravelly soijs for which the calcium phosphate chemistry will be the 



critical factor;; iron and aluminum will have minor effects because of 
the very low surface area of the soil material and the limited number of 
sorption sites on iron and aluminum surfaces will soon become saturated. 

6.3.3 Overland Flow Systems , 

*■•*• * 

Overland floW systems are used where the soil is slightly penneable and 
treatment occurs by biological , chemical , and physical reactions on the 
soil surface (Section 2.4). A large portion of the applied wastewater 
is collected as treated runoff 'at the toe of the slope. S^^nce the 
wastewater flow is predoilvinately on the- soil surface, the soil dontact 
is less than for slow rate^and rapid infiltration systems. As such, the 
phosphorus removal .mfi(y be 1 ess for overland flow systems, although com- 
binations can be used to achieve treatment alternatives (Section 3.3). 
The usual reductions in phosphorus cbncentratioYis in the wastewater h^ive 
been 35 to 60% with overland flow systems [67-69]v Thonias et al . found 
that the phosphorus concentration was reduced from 10 to about 5 mg/L;of 
total phosphorus in an overland flow system [69]. However, apfjlications 
of aluminqm / sulfate at a concentration* of 20 mg/L to the vJastewater 
reduced the phosphorus concentration . of the treated water to* about 
1 mg/L for a 90% removal of the total phosphorus input. 

Data from Carlson et al . show that the phosphorus concentration de- 
creased at a fairly ojniform rate as wastewater ran over overlahd.flow 
plots [70]. The phosphorus concentration in the effiuent water was 40 
to 60% of that in the'. applied water. However, water that percolated 
through the soil had only traces of phosphqrus for nearly complete re- 
moval. The harvested grasses removed less than 10% of tRe applied phos- 
phorus.- The recommendation for more effective removal of phosphorus in' 
the overland flbw effluent W9S to -obtain more contact between^ the water 
and soil surfaces by increased, soil roughness or by increased flow path. 



B.3.4 Wetland Systems 



Although wetland systems have only been studied recently as a means of 
wastewater treatment, the pr.inciples behind phosphorus behavior under 
.such conditions are knowi. Sufficient research has been completed on 
flooded rice culture that t!he behavior of phosphorus in flooded soils is 
fairly ^ well understood^ Also, recent reports have- added considerable 
information on the chemistry of pho^phoirus in lake sediments. 

When soils are^ flooded with a few feet of water, biological activities 
in the soil deplete the available oxygen, and the soil becomes anaerobic 
or, more specifically., anoxic (lack of oxygen). The water usually 
remains aerobic, and a transition zone betvyeen aerobic and- anaerobic 
conditions develops, in the immediate surface of the soil .; The surface 
of this transition zone is aerobic and oxidized, whereas the bottom is 



anaerobic and reduced. The thickness of the oxidized part of this tran- 
sition layer cart vary from about 0.1 to 1 in. (0.^6 to 2.5 cm). or more, 

. depending, on the rate of supply of oxygen toHh^ "surjface of the^ soil and 
the rate of consumption of oxygen /in the loWer /soil depths [65]. In 
wetland situations' where ttiere is seasonal flooding followed by drying, 
such as in rice production, the soil gtfes through seasonal or yearly 
cycles of reduction and oxidation th^t result from cycles of anoxic and 
oxic conditions. Even in wetUhds that are not seasonally flooded but 
are- wet because of cycles of inputs iof water, alternate periods of re- 
duction and oxidation occur to some degree. Thus, one feature asso- 
ciated with all types of wetlands is the occurrence of reduced con- 

, ditions or cycles of reduction and' oxidation.- ' 

When Soils and sediments become anoxic, most sh6w an increase in soluble 
phosphorus [65, 71-73]. This/increase in soluble phosphorus was found 
to be .greatest with ^Ikalirie soils and with soils that have low irjpn 
contents, and it was found to be lowest with acid soils with high iron 
contents [71]^ Some acid soils with ~t)igh iron contents show no incre'ase 
'or decrease in soluble phosphorus as reducing conditions develop. 
Patrick and Mahapatra stated that the possible mechanisms for release of 
soluble .phosphorus principally involved 'the reduction of iron from the 
ferric to the ferrous state with a release of phosphorus from ferric 
phosphatesi and the. hydrolysis of iron and aluminum phosphates .[65]. In 
soils with large . amounts of iron oxide and iron- hydroxide surfaces or, 
aluminum oxides, the net resul t t)f reduction is a decrease in phosphorus' 
solubility because of ' secondary precipitation of the dissolved phos- 
phorus- on surfaces, that become more reactive' when the soil is reduced. 

When phosphorus is added to soils and sediments, the effect of reduction 
is to 'increase phosphorus sorption as: compared to the oxidized state 
[65, 73]. Khalid et al . found a significant correlation between phos- 
phorus sorbed under deduced conditions and. the^ iron extracted by 
oxal ate, also ' sunder reduced* conditi'ons. They postal ated that poorly 
crystallized and .amorphous oxides and hydroxides; of , iron play a primary 
role in .phosphorus retention in , flooded soil s >and sediments [7:j]. 
Bortelson and. Lee concluded from stu^ijf^s of lake pediments that iron, 
-manganese, , and phosphorus are closely#'6lated in their deposition pat- 
terns and that' iron content appeared tq be the dominant factor in phos- 
phorus retention [74]. Williams et ^1 . [75] and Shukla et al . [76] 
found that noncalcareous sediments sorbed more phosphorus than cal- 
careous sediments.^ Shukla^t al . reported that the oxalate treatment of 
lake sediments to remove iron and aluminum almost completely eliminated 
•the ability of sediments to retain phosphorus [76]. The amounts of iron 
removed were much greater than the .amounts of. aluminum refnoved by 
oxalate. They suggested that a gel complex of hydrated iron containing' 
small amounts of aluminum oxide, silicon hydroxide, and organic matter 
was the major phosphorus- Sfrpbing component in sediments under reduced 
conditions. Norvell . found that, sediments, -maintained under reducing 
conditions, sorbed phosphorus at temperatures of 39 to 4rF (4 to 5°C) 
and that calcium, iron, and manganese were Tosr^nsmljoth exchangeable 
and soluble forms during phosphorus sorption [77]. 



The, retention of phosphorus by sediments An aqueous suspension has been- 
< demonstr^ed adequately. Thus,, ^ the *problem of getting phospho^rus 
retention by soils and sediments is no greater than in aerated soils. 
But . the. problem of getting contact between the sediments and soiVs ^ind 
the wastewater, represents a serious limitation. Pomeroy et aT. found 
evidence of significant exchange 6f phosphorus between sediments and 
water when the sediments were suspended in the water, but when they 'were 
separated the exchange was trivial [78]. Where the sediments are not 
suspended, only ,a thin layer at the boundary between the water and the 
sediments is active in phosphorus retention. When wastewaters are added 
to ^wetlands, the: sediments can play a significantvpart in removal of 
phosphorus from the water only if the water moves in and out of the 
sediments, "or if wind or wave action keeps the sediments suspended. 
Running wastewater slowly oveK flooded soil s in which plants are growing 
might be expected to remove phosphorus in a similar manner, and to about 
'the same extent as found in overland fl ow systems, but Mn both cases the 
capacity soil and sediinents to reduce phosphorus concentratiofis is 
not fully used. 

•• . ■ ^ ■ ■ ■ ' , ' . . • 

. ■ . . ' ' ' , . • ■ ' , . ■ .... <» ' 

SpangTer et al . , after a 4 year study^ of natural and artificial marshes^ 
concluded that these had potential' for wastewater treatment [79]. In 
relation to phosphorus in anatUra] marsh, they found that (1) the marsh 
r«noved phosphorus during the summer and released it during ather 
seasons, thus acting as a buffer; (2) harvesting of marsh vegetation was 
not a potential for removing a large portion of the phosphorus input; , 
and (3.) passage of wastewater' through 6 232 ft (1 900 m); of the marsh 
reduced the orthophosphate and total phosphorus by 13% or less. Some of 
this reduction was probably, a result of dil ution with other water. A 
mass balance, using estimated water flows and concentrations, showed the 
same order of magnitude of phosphorus leaving the marsh as entering it. 
In other words, the marsh acted as a t».uffer for phosphorus concentration 
but was not effective in reducing the output. 

•However, SpangTer et al • found that, in contrast to the natural marsh,, 
artificial marshes renoyea 84% of the phosphorus input into greenhouse 
installations and 64% of the input into, marshes constructed in the field 
[79]. They predicted that the removal In the field would be 80% under 
optimum conditions. Recommendations were for a systeim in which water 
-would flow through; rathep than over, the scyl in the artificial marsh, 
• which would be \ highly significant in removal of phosphorus as 
demonstrated by the work of Pomeroy et al . [78], . ^ ^ 



B.4 Models 



B.4.1 Background 



In a model that would be adequate for predicting the life' of a waste- 
water treatment system, based oh phosphorus retention in soils and sedi- 
ments, many factors should be considered, including: 

1. The rate of /app^lica.tion of phosphorus 

■ ■ ' ^' • • " * ■ ' . 

. ' 2. Th£ amounts, of calcium, iron,- and. aluminum in, the wastewater 
• and the influence of these constituents on the sorption of 
. phosphorus in the soil 

3. The removal of phosphorus by plant roots if the model deals 
with time .' intervals of days or weeks, or annual removal o/ 
phosphorus in trarvested crops if the time interval s are year^ 
or decades 

■': 4. The travel distance and transit time of water flow 

5... The transit time for water to move thr'dugh the system relative 
to the kinetics of phosphorus sorption in soils and sediments 

6. The rate of phosphorus application to the land relative to tne, 
kinetics of phosphorus ' reactions with soil,:S (rapid infil- 
tration systems might move phosphorus through -before the slow 
reactions have an effect oii phosphorus concentration in the 

.'flowing water) 

7. Capacities and kinetics of sorption of phosphorus in soils' and 
.sediments from land surface to the point of discharge Jnto 

ground or siirf ace waters - 



Stieji : a. -model would obviously be a three-dimensional model that would 
reqttice' : jiiformaticm on water flow and- phosphorus reactions that is 
usually- rvpt . available .and not easily obtained. Most water flow and 
.proposed models for phosphorus' retention deal only with flow in one 
direction, although some work, such as that reported by Jury [80, 81] 
deals with two-dimensional water, flow. Thus, the discussion here Will 
: deal with flow downward through soils and to a depth that can be sampled 
and studied at reasonable cost. This depth is perhaps 6 to 10 ft (1.8 
to 3 m) in most cases but migtit.be much deeper in cases of 'deep al lu vial 
material s, •> \ \ 




removed by plants, or must move through the soil volume in percoUtiny' 
water, a jhis, means that all models have a water flow component and a 
phosphorus reaction component, and, of course, in systenis involving 
crops, plant removal is a third" com'ponent for both water and phosphorus. 
Njodels can consist of simple bookkeeping for water and phosphorus 
balances or /of mathematical, equations of various degrees of sophis-; 
'tication. 

* ■ " ■ ■ . ■ " * 

B.4.2 Limitations of Models . ^ ' • . 

Although progress has been made , during the past few yeat^s in the 
development pf models of . phosphorus movement in soil^s, 'a number of 
problems need to be solved before. mathematical models or any other pre- 
dictive models, can be used with any degree of accuracy [10, 39r 40, 46, 
82-84].: Large spatial and temporal variability in ^the hydraulic con- 
ductivity of soils in the field is tremendous . and brings up the 
questions of ^^ow many vand what kinds of samples or measurements afe 
needed to characterize the ^ water flow over an area for, a given time^ 
After ^the data"' are obtained, there are some problems of averaging and 
interpreting such large variations [85, 86]. 

There have been no studies of the numbers of samples needed tH char- 
acterize the phosphorus sorption properties' of a field to a given depth. 
Most Sampling studies have dealt with problems of estimating the level 
of nutrients in the plow layer of ^soils^ Recent studies of soil - 
sampling^ for estimating the concentrations of soluble salts arid nitrate 
:in the unsaturated zone (to depths of. lb to 2U ft^or 4.5 to 6 m) suggest 
that large numbers of sBmples are required and that a.dequate sampling^ of 
a. field cannot be planned until some knowledge of the variability is 
obtained [87,^88'!l. Similar information on phosphorus sorption is needed 
before models can be accurately applied to' fields, even if other limita- 
tions to the models are- ranoved.^jir 



The composition of the wastewater (i.e., concentration • of iron, 
aluminum, apd calcium) will have an influence oil the phosphorus 
reactions in the soil and the reactions of wastewaters ttiat'acidify or 
alkaTinize ' the soil ; for example, the influence, of bicarbonate , on 
neutralizing soil acid.ity will have effects on phosphorus reactions. 
Until these effects become inputs into a rel i able model , the proper 
procedure would be td test each possible soil with the wastewater, or a 
reasonable simulation of the wastewater, being considered. 



Perhaps the most serious limitation to al 1 model s i s that the-reaction 
of phosphorus- with the sq'il cjinnot De predicted from measurements of 
simple soil properties that can be mapped irr the fi el d or measured 
quickly in the laboratory ^46, 89]. Methods of characterizing soil.t'h^t. 
might correlate with phosphorus retention are likely to be^more^ time- 
consuming than direct measurements of phosphorus sorption. 
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To allow near ihaxiinum appVipa.tion rates, raprid infiltration ^systems wil 1 
require -coarse, gravelly or sandy soils having generally low sofptive. 
capacities. These, may soon be saturated,, and the,retention by the soil . 
system will depend mostly on , the iVon, aluminum, and cafifium in the 
•wastewater and. not on the original soil: .material". Exceptions to this 
general statement. might include the use of calcareous sands and gravels 
for rapid infiltration systems. Plant removal is usually too small to/ 
be • significant in rapid infiltration systems. Thus, the. need is for a 
model that considers the^ cons-tituents in the wastewater and how these 
will react during fldw through the soil and sediments as a function of 
distance of flow .and .rate of flow. 

■ • ■ • -a 
. . • : ■ , ■ , • ' ' ' '■ 

■ ' . ■ ' ' ^ ' ■ ' . ' ■' 

. . ■ B.4.3 Model s of Kinetics of Phosphorus Reactions / 

■ .■ ■ , ■ ■■ ' ' . : ■ ' ■ ' ■ 

' The mathematical model for one-dimensional phosphorus movement in soils 
has been expressed in a number of ways.. Enfield et al . [461 expressed 

ifas", .; ■ '\ : . " • ■ , _ ■.■ ■ ■ ;. , ■ ■ .,, 

. at • " 9X • e at - ^ ^^-3' 

where G= concentration of phosphorus in Solution, mg/L' 

" 0 = /dispersion coefficient at velocity V\ cm/h 

.-. t - y time, h 

V = average pore-water velocity, cm/h , - 

X = distance from beginning of oflow' patli,' cm 

P = bulk' density of soil, g/cm"^ ; ' ' 

6= volumetric water, content in the soil- . •" ' 
S =. sorbed phosphorus in solid phase, .|ig/g - ; 



The first two expressions in the- equation deal with water flow, and the 
third deals with the retention of phosphorus by the soil, (i .e. , the 
kinetics of phosphorus reactions), before this equation, become? a use- 
ful model, the kinetics of phosphorus reactions must be known. • - 



The kinetics ' of phosphorus reactions in soils has been stud-iedi by a 
number of researchers [lu^ 33-36, 40, 47, 82,. 9U, 91K Perhaps the! most . 
^lefinitiye study was\th|it of Enfield et al . who measured the reactions 
of phospht)rus. in S5;sbils for a period o# 2 to . 18 weeks, depending on 
the soil, and then used the data to test five kinetic models [46]. AlT 
kinetic models, agreed, 'adequately with the experimental models. Corre- 
lation coefficients between predicted values and experimental values 
averaged 0.81 td 0.88; but these w^re averages of values for individual • 
soiTs. That is, coefficients for each kinetic model were calculated for 
and unique 'to in^lividuaT soils; so that to use the models, the phos- 
' phorus reactions must be measured to supply the coefficients for the 
model . for- any individal soil material . 



However, Enfield and fhew [401,' using two of the models tested by 
Enfield et al . [45] , found good agreement between the predicted movement 
of phosphorus and values experimentally determined in small laboratory 
columns which were fed a solution containing. 10 mg/L of phosphorus- The 
first model was 



y||= a (KC - S) * : ' (B-4> 



•where C = concentration of phosphorus, mg/L . ; 

, = concentration Df sorbed phosphorus, /xg P/g of soil 

t = time, h ' ' / v ' 

and, a, K = constants; that depend on the soil 



The second model was • 



where the symbols have t^e same meaning as before jand a, b, and d are 
constants that depend on the soil . Solutibns to these equations >fere 
provided,' and constants wgrp calcujated for two soils. Gomhjnations of 
these* with water flow, data, predicted, phosphorus breakthrough curves for- 
the *two soils studied .over a. period of "several days-.. Breakthrough 
curves indicated, that the boundary, between saturated and .unsaturated 
soil^ (enriched versus nonenriched) was diffuse as illustrated in Figure 
B-1 so that the concentration of phosphorus in the effluent increased 
very slowly as the effluent volume increased. - • 



Novak et al,. developed 'a theoretical model for movement of) 'phosphorus in 
soils in '"whicKlttie phosphorus sorption factor of Equation B-3 was cal- 
culated from existing adsorptipn-deaprption mpdels developed for chror 
matography and ion-exchange processes-. [82]. This mod^l predicts an 
abrupt boundary for. breakthrough of soluble phosphorus into any given 
l ayer of soi l . \ ' ► , 

Har^ter and Foster dev6loped.,an empirical model which jdescribe's- the move- 
ment of phosphorus in, soils [83]. In this ..approach, a soil sample is 
repeatedly treated with a solution of known phosphorus concentration, 
^nd the sorbed phosphorus is determined. The relationship • between 



phosphorus sorbed and the volume of solution that has contacted the soil 
is then expressed as a polynoinial' adsorption' equation 

' Y ^-A + BX + CX-*^ + DX^ ' ' (B-6) ' . 

■'^II!! 1^ ^^® ' P^iosphorus adsorbed. X is the amount of phosphorus 
added, and A, B, C, D are constants that depend on the soil; From this 
relationship,' , the phosphorus breakthrough curves; or the phosphorus 
!^^5^"^xr'^°"^' can be plotted against depth or volume of -wastewater 
added. The model is si mp.le and might be adequate for" most purposes, but 
there are no data available showing the effectiveness of the approach 
in predicting field data. . v- . 

Shah et al . developed a materials balance rnathematical model Which' 
.agreed we'l 1 wi th field data obtained from the barriered lahascape water 
renovation system used' to treat 1 i quid 'swine maWure [SA]. The kinetic 
equation in this model was based on the langinufr aii^sorption equation. 

B.4-.4 Empirical Model for a Slow Rate System ^^^\;" V - - . 



Sm. 



\ There; are no model s that adequately desc'h'b'e all factors 'in water and 
phosphorus movement in field ^oils receiving municipal wastewaters. 
Also, there is not sufficierrt knowledge of phosphorus li^eaction kinetics 
to predict the' vsbrption of pho.sphprus in' a field\ over periods of; 
decades. Thus,'the model presentee here as Figure B-4 provides only an 
empirical assessment of reUtive phosphorus retentions by \soil; pinofil es. 

: In thi s simpl e mode> ^ the 'phpsiphorus added mi nus the phosphprus removed 
in h'arvested crops (Figure B^T) is assumed to.react progressively With 
successive depth" inct^ements in the soil » 'the ifii-st' depth incre^ 
becomes "saturated" before phosphorus moves to the; next depth Aincranent, 
and the boundary between th:e>'phosphorus-enrictied soi l- anci the -non- 
enriched soil, is assumed to hbe rather abrupt,:.as' in the theoreticaC 



model of Nbyak, et . ai; |jiB2];,: -The tem "Saturated" is:de,finedv i^or the 
■;purppses of this model # the sol T; i n which efirifchmerit with phbsphorus " 
; h|S" '.been Sufficient ' thact movement With percolating wate'r. is signifi- 
cantly above . backg^njund for the original sorl material >' -Al>spy iV this 
ifib'^det, (U water moVetnent is considered to be so unimportant rela^^^^^^ 
phosphorus reactions" thit it- can be disregarded, t2) there. -is '.Wffia 
time for slow phosphorus reactions t3»" have a^large impact; :and (3)\the. 
phosphorus sorption capaeilies for the depth ihcrements include ihe slow 
reactions". V •.; . 



The- [sorption capaci ties ':for. the soil horizons'usied "in. Figure B-4 were 
taken rrom^^a study by Enfiel d and Bledsoe [IQ] in -wliich 10 grams of soil 
were treated wUh 100' riiL of solution tcifita-lTiing a phosphorus con- 
centration Opf^ vlOV"^g/L.: ". The reaction time ;fri- this study- was o'nl^i; 
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.. . ^ ' : ' FIGURE B-;4 V . 

•ILLUSTRATION OF AiSIMPLE PHOSPHORUS BALANCE- 
PHOSPHORUS REAejION, MODEL FOR A SLOW RATE SYSTEM 
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NOTE: THE PHOSPHORUS SORPTION, CAPACIT lES USED 
WERE DOUBLE THE SORPT ION MEASURED |n A 
• U5 DM REACTION PERIOD IN THE LABORATORY. 



1 rb/acrt*yr= 1.12 ^4/ha*yr 



125. -da^^^ consequently, the sorption capacities in the Enfieia an:d 
Blecisoev- : study were doubled to adjust, for s low reactions that continue 
fdr.tn^lpfinite periods- in most Soil ^ \ ■ . 

■/ .• ■■ • ;:■ •• -I'l ' ■ ■ ■ ■ 

. ■■ . *■■'■'■''■ ■ . •. - . ' 

•thi s-mddel^' ..expressed mathema . ' :■ • ' . . ■ 

wJiere\ t. a ' •' timg ^ fo.r- the Phosphorus ifront to reach a given depth in 

\v; •:.;the.^sOi ■ ■ ; . •. ■ • 

. /the- 'Sorption capacity of the volume of soil above that 

•V*^-^:.;:; depths. . .3:;;.'?. 
Ip = ■ .''^^^^^ phosphorus, Ib/acce-yf; .(;kg/ha-yr) ;v 

•^n " ^ ; theC'"- pfjosphorus removed in* -licirvi^sted crops V U/^^ 
*^ . :^(kgAha;:.yr) ■ -■ ■ '::'^-> ; ^i-;, >■ ' : 

■ '■' . ^ ..' ' ' '■ - i!^'' • 

. ■ ■ . ' ■ ■ .' ■ 

The uncertainties in the model are in the measurements. c^f the" phosphorus 
sorptive capacity and the assumed abrupt boundary between: enriched arid 
nonenriched soil.: There is reason to believe that the phosphoruS'rreten- 
tiort characteristics of a soil cannot be adequately characterized in- the' 
{.laboratory irt a fixed period of time. Also, there is ample. 6v1q 
: froiifi • fields that have received :i;a(rge " amounts' of phosphci^uf^^'.^M 
tilj-zeps or as. wastes that, the sotuble phosphorus gradual ly .diecre^^^^ 
a ,:. f ujicti on of , depth wi th a di f f use rather 'than an abrtip-t • bourvdary 
betweei) the , highly- enriched and tlie. none/iriched soil 'horlizbns-: [Si;' 19, . 
49r-bi,- 52, 93]. But, perhaps eyen con^id.^ring these" uncertainties, the 
model can be useful as a prel iminary estima-te-af--thie phosphorus reten-'. 
tion characteristics of valribus soils anjcj, sediments. This type of model 
is implied in ^the ra;te' class^ .proBOsed' by'Sc and Erickson fdr 

phosphop^is sorption measur^ementi- in s&tVs^as a 1 imitation for the use of ^ 
th6 ;|#t^' for treating municipal wastewaters [94] . : TheHr 1 imitation 
classes, -rangea" from . very high to very low, respectively, as the phos- 
^-phor^u:sjMffl^ion; increased frXHti less tljarj I' OOQ-^'-W'-mr^^ 
}Q^0Tm2O to 2 24p kg/ha) in .3 ft (Cl^ m) of -^oi:!- ^ • ' r 

If a model such as presented in Figure B-4 is used to classify theiJ 
desirability of varip^js potential areas for . a Vgiveh .wastewater; V 
monitoring of the phoVphorus jnovement in the site seTe<ited ca'n be used 
to revise estimates of the long.evity of the site as it is being used. ' .' 

8.4. 5 Model for Rapid Infiitrati.bn Systems . . 4 ■ = 

At^ the' present time^ there is no aCe'eiptetf -model that caff^pr edict the 
movement of phosphorus through soil' •■ proftl'^s. But, one promising, 
.appi'oach. which considers the rate of reactiWof phosphorui wl th. soil s 
.:i»that of EnfieT.d.-and Bledsoe [10]^ Enfield .and Shew [40], and Enfield, 
$3% 95], In this approach, sotu.ti6ps. Conta|.Mng. phosphorus at various 
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CQncentrations;; w6re^^ up to 12^ days, using batch 

, were comparred^wi th phos- 

-^s DreaKthrdugji^^^^ Jl.9 in. j[5 cm)' long *so41 columns. 



As inight be expeeted; from^^d^^^^ of reaction ki netics of phosphorus 

. in soils, the sprption^.p^ obtained from a 10 hour reaction 

period, seriously .'u^^^^^ thei arjiourit'of phosphorus sorbed by the 

coTumns in 55 day^V HoweA^^ sorption curves had been obtained at time 
intervals from-V -tp-S;^^^ approximati'ng a geometric progression',, 

so that sorption surfaces as ^a equilibrium solution con- 

centration, (2) amqurtli; ;0^^^ sorbed by tne' soil , and (3) time, 

were produced for/sdeiaicjrt^^^^^ these sorption surfaces were used to 

. adjust the ratio ' '-^f ^ , phftsp^^ to equil ibrium ^^dl ution 

. concentration ' for" time ^cdrrespondlp^i. to time, interval s in the,;break- 
" through curves, there was mail^ked 'ihcrease in the '^greemerlt between the 
batch and column techniques. v v . ^ 

The sorption surfaces were used to calculate the sink, term 3S/3t. in the 
equation 

' • . ■■ ' . . ' ' ■ ' 

3C jh-^ 9G ' e 9S (d q\ ' 



/ whep^ X = /sol ution ^pficise concentration of r:«phosphorus, mg/L 

^ A ^t.^^ , ' average;^p^T*eT water velocity, in,;>^ (cm/h),.,w 

X =f distance tr;Dni,the beginning of^t^qe flow ^tath!, in. (cm) 
e = bulk density of the soil ,;g/an j . viv/;v: 
. d = vol umetric^water. content of the soil '^■j^^t-^* 
^ . S = solid phase concentration of sorbed phosphoVus, ^xg/g 
"t = time, h /"/> • ... v • 

and the sink term was calculates? -trpq;. ' i 



dt 



a rr. (B-9) 
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where a, D, and d are constants ^andC, S and t arenas defined for 
Equation B-H. • i^Ulsing these equations,, the breakthrough curves agreed 
well wi th predicted curves in three of four soil s. ' • * 

. . ». ■ 

Enfield recognized that tnis approach was not satisfactory for all soils 
and tiftt it diid not predict the effects of rest periods and desorption 
of phosphorus during raijps and the resultant leaching^y^i th rainwater 
L9b]. (Nevertheless, this approach gives an adequate first ^Approximation, 
to the transport of phosphorus, through soils, and can provide' a basis for 
design of wastewa^ter treatment systems* Enfield. recommended; that an 
average phosphorus concentration or application rate aajus^ted 'for rest 
periods, plant removaTs, and tjjainwater, be usedH95j.« ' ! 

' ■■• ^ ■ ■■■ ■ ■ ■ ■ ■ ■■ ■ 

* ^ . ; 4 . ' 4 , 



There are some serious questions about ^his approach that mu added 
as words of caution* The spatiaU.variabil ity in phosphorus r'eactibris 
and. in water flow can be much smaller-'in thef laboratory columns than in 
the *field. *Temperature\effects on the kinetics of /phosphorus , reactions 
are not built into the laboratory stftdies but will be encountered' in the 
field* In the field, a given volume of soil wiM react with increasing 
concentrations' of* phosphorus as a^ function of time of treatment with 
wastewater; whereas, in the sorption measurements presented by EnJ^iel-d- 
and . Bledsoe [lU], the soil reacted with decreasing concentrations of 
phosphorus. v;SDlutions of phosphorus 3t 10, 40, and lUO mg/L were added 
to soil s. and <the decrease in concentration was measured as a function of 
time which is a-h approach to jequilibrium t.r(Sn tM^^^^ 
in .the- field,. The sink term, as/atj'^r.'-^^^^ B-g might be sub- 

stantially different under these two conditions soils. 

Another aspect concerning this approach is more pragmatic. Considering 
the status of such models, it may be no more expensive to set up columns 
of soils in the laboratory and treat them with the wastewater for a 
period of 4 to 6 months and directly measure the movement of phosphorus. 
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APPENDIX C 



HYDRAULIC CAPACITY 



C.l Introduction 



The hydraulic capacity of the soil to accept and transmit water! is 
Crucial to the design of rapid infiltration systems and important i,n ihe' 
design of , most slow rate systems. The important hydraulic parameters 
'are infiltration, vertical permeability, (percolation), and horizontal 
permeability. In this appendix, the .basic hydraulic properties are 
defined and techniques v for measurement' and estimation of the more 
important parameters . are presented. Both vertical and horizontal flow 
of groundwater are 'discussed, and an analysis of groundwater mounding is 
presented. The relationship between predicted hydraulic capaQity and 
actual operating^ rates is- also discussed.- 



C. 2 Hydraulic Properties ' . • 

For purposes of th.is manual , hydraulic properties of sgil are considered 
to be those properties whose measurement involves the flow or retention 
of water within the soil profile.. Thesfe properties include soil-water 
^characteristic curve, percent moist^ire.'-^at saturation, permeability, 
infiltration rater, specific yield,^ specific retention, and trans- 
missivity^ In addition, the terms. of field capacity, permanent wilting 
p^int, and drairiability are commonly used in irrj^gation practice. How- 
ever, these terms describe qualitative relationslrlps— not unique, ^meas- 
urable properties. The concepts of field capacity and permanent' wilt-' 
irig point are discussed in conjunction with soil -water characteristic 

Curves. ' ' "'-^ ^ ^ 

^ ' ■■■■ ■ ■ - 

Soil ' permeabi;lity/ and infiltration ratjl^ are especially important to 
system design. They should be determined by field testing; however, 
they may be estimated from other physical properties (mentioned i^ 
Section J. 3.3.1). An in-depth discussion of the more .common methods of 

' estimating, or measuring both soil and aquifer properties is presented in 
this .^appendix. Fteld testing procedures for detenfiining soil 
infilti^atioo rates and permeability are outlined in Section C.3, along 
with, methods of analyzing \ and .interpreting test resull;^ Methods of 
measuring or estimating properties of : groundwater aquifers are outlined 

^ in Section C. 4. * ' - 

■, ■ ■ ^ • ■ ■ : ■ : f V ■ 

C.2.1 Soil-Water Cfiaracteristic Curve ^ 



Water in the soil below the saturation level is held in the soil -against; 
the force of gravity primarily by forces, that result from the surfau:?; 
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: tehsion,.of water, tfie cohesiofi of water molecules, th^ltfi^MlMbf water' 
.molecules to soil - surfaces, and other electrical 4tt/a«v|5forG^^ 
JnLtr Sh' '^n.-V'^H^ • •requt^ed.. to remove water fr^ 

Jhf c°' when expressed on. a per unit mass of water basis is 
termed the soil-water pressure potential or matric potential . Soil- 
water pressure, notehtial is expressed as J/kg or erg/g. The eiierdy s 
sometimes expressed , on a urtit volume basis in- whicli case it is termed 
^ nh^n '-esulting units.::(erg/cm3) convert^to t^ose 

of pressure, dyne/cm^ or more commonly, bar (10^ dyne/cm^). The 
tjost_ common method of expressing the energy. is.on a unit weight-hasis in 
which_ cBse n is termed soil-water pressure head or simply head." The 
•resulting units, erg/dyne, convert to centimetres. Soil tension anl 
?n5i ^""^ terns, that also have been used to describe the energy of/ 
SOI 1-wner retention, but these terms make no distinction among units'. 

Iegatii%uartit?e^':''"' ''''' above tin. s are 



The force by which water islield in the soil * is- approximately inverse! v 
. proportional to the por^ diameter, thus, the lafg^r" the pore tXe le I 
energy is , required to remove water. As soil droes or -drains, water is 
removed from the larger pores first. The water remains'in t e. Lalle? 

held more tightly. Thus, as soil -water contenj 
2!^ fpn"' .?°^\"'3tric potential increases. The graphical Velationshib 
between so i -water content and matric potential is the soTt-wate? ■ 
characteristic^ xurve. Examples ^f such curves for several different 
iiffLp> ai-e ...shown in Figure C-1 . It should be mentioned that 

con2nT is'chLVhJ^ Obtained depending on whether the soi.l-water 
is due nrimSr??! "^^^^^9. This hysteresis phenomenon 

IS due primarily to soil pore. configurations. In most cases we arfe 
ir drainage.'" ^^^ '°'"^-"^^^'''^^^''^c^^'"-istic curve resul tingf. frjH drying 

JLi' "J!:!" ^ C-i and the- previous discussion' th'at 

Shape of^ the soil-water characteristic curve is strongly dependent on 
I'arL ^Tl'J' '°'] st^^ct^e. For exanjple. sandy s6i1s have'-mostfy 
large pores of -nearly equal size. Sonsequently, nearly all water is 
. .removed from sands "at a very small matric potential! On tL^thV hanJ 

nn''^"'' '.•^'''"'^ '^'"^ ^ 9^^^^^^ P°^°sity than sands and a 

wide pore size distribution. Thus. mor^;water is. held at saturation in. 
soils than in sands and it is removed much more gradual W. as matric 
potential becomes larger. , . ai rjr .as mdtnc 

Some important aspects of soil-water plant reld'ti.ons may be explained by- 
Dracti-ce^' U h.J^hir'°'^""'^': ■ ^^^^•'^9teri ^tic curve. In , irrigation 
Jh'. • ^ been^ common to describe' the maximum amount of 'water in 
.^nl.nJ . '^ for plant uptake' as the difference in" water ' 

content at field capacity (the upper TTftiit) and that at permanent 

wlIn''"?h^°\"^-^'5''\°"''^^"'^*'^- is s^id to be'at.fieVLTaci^^^^ 

when^ the rate of water removal from the soil, due to drainage following 
an irrigation^ or heavy rain, begiW to be reduced., As such f?eld 
capacity is not a unique value, but represents a general region of~wat.ter 
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perc%ntages as illustrated in Figure C-2. - ' Using the 'soil -water 
characte>1 Stic curve, field capacity tlien may be. expressed as a range of 
soffl-water pressure potentials. The range of pptent:ials in the region 
. of afield capacity varies with soil texture. For sands, the range of;' 
'field capa.ci^y/;i^ about 10 to T5.3:/I{.g or 0.1 to 0.15 bar. For'mediuriirV 
; . to .fine-texturedV. .soils, the range". fs about. 0.3 to 0.5 bar. -A valuei. of 
0.3 bar. is commonly used as a rotfgh' approximation in these soi.lSi ' 



figure: c-1 



SOIL-WATER CHARACTERISTIC 
CURVES FOR .SEYEFtAL SOILS [1] 



SOIL WATER content; Q 
(MASS OF WATER/MASS Of 'MX SOIL) 
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The . time required for a^thoroughly vJetted soil to dra^#.||;b the field 
capacity .region Is .also dependent- on^.texture and strixi^tijW.- In the 
absence of significant evaporation or transpiration, fiei'd capacity in. 
pure sands may, be reached in a fewjiour's; for coarse soils about 2 to 3 
'days; for mediutfi-^ to fine-textured soils.; a week or more; and for poorly 

.structured clays, much T^bhgefi ° : . 

^ ■ i'-'" ■ ■ ■ ■ - ■-^^;:iiv.' ; ■ ■ ■ ■ ■ 



There are a few. misconceptions associated with the concept of field 
capacity that should he pointed out. 'The first is that field-capacity 
i:s a unique property^ of a, . soil.. It is' apparent ffom the previous 
discussfon that; field .capacity expresses only, a.-^fr^e;,quaTit|itiV€. 
rel ati on . The second mi scoricepti on is that no drai na^^^jjr 9 .-in ;s'6i.i s 
at or below fi'et^l (incapacity. In fact,' drainage does n%a|£^ 
Capacity but cofrtiiiues at a. reduced rate: for a long tim4!!j|3'W-]lu's^^^^ 



in ■ Figure 
represents 
water-applied 



C-2. , The third ymts{ionc#t^^^^^^^^ field cat 

the upper limit of Water t^iat: is;^ to plants arid; ^ny 

of; f i el^jLcapaci ty 'wi 11 be ,'i ost , fromr the 'soil 



KB ••aHHi.i eu ,1 n ;-excess OT TI e iflLcapaci ty "wi i i be , 1 ost f romr the st)1 1 
prof 1 1 e^ as^Vde.ep- percol ati on . HoWever , watesr i n Excess of f i el d. capacity 
IS dvailabl=i^.^d;pUnts while it, ranains in contact with plant roots. 



FIGURE C-2- 
FIELQ CAPAeiTX, RELATIONSHIP 
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_:V.^'.^-REGI0N OF ' 
FIE'i^D CAPACITY 
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DAYS AFTER IRRIQATIPN 



The, 1 ower 1 imi t ,;<yf Vater avail abil i ty-, * the ^pftrmanertt wi 1 ti ng poi nt , 1 ike 
field capacity, .is not a unique value but/l-t^hge of water percentages 
over which .th6 rate of water taken, up by'the: plant not sufficient td^ 
prevent wilting. The ability of the pi ahj: to;>take up water Is directly 
related to the matric potential of the soil-water rather than the actual 
water content. It has been found that mdst^pl ants exhibit permanent 
wilting when the soil -water matric potential is in the range of 1500 
0/kg (15 barsj. ' * ^ 



If it is assumed that the' so called available reservoir of water 1^ the 
water content between field capacity-and permanent wiltihg point, some 
general observations can be made regarding the effect of texture on 
irrigation scheduling. From the shapes 'of the- various soil-water 
characteristic curves, shown in Figure ,C-1, . it i,s apparent that sandy 
soils have . a .relatively small difference in water content between the 
regions . of field- capacity and ' permanent wilting. VMedfcWi- to fine- 
textured soils, on the other hand, exhibit a rather l#ge difference in' 
water content between field capacity and permSiheht wilting point. ' 



Another generalization that can be madV il lthait "coarse soils app 
the permanent wilting point very rfitpldlyWi.tht small changes irj-^water 
content. Thus, plants grOWn in such sOiVs. wbuld be expected to ^iXhlbit 



wi 1 ti ng symptoms qui te. suddenly . ... Medi um- / to* ; f i he- te)^tured soi Ts 
' approach permanently wi1ting\ point mdre. gradual ly ari^ 
'these soils will likely shoWNyery gradua^^^ 

Soil -water :. characteristic . turves general ly ' m^ determined i n the"" ^ 
laboratory -'using techniques described - in': ''Taylor,- and Ashcroft [i]. V 
Published, soil moisture versus matric potential data are available for 
selected . typical ' soil s>; Thi^. USOA Agricultural Research 'Serv tee ■ . '-, 

, z,.,. Publication 41-144 [2] provides SMcfi data, for 200 typical soils in «23 t 
•,;i:;States>: In addition, bulk density , totajf- poros'lty.- and saturated • 

, -Vertical permeability data ire Pt^esent^d in ttfis compendium. 

^ ' ■ ■ ^ ■. . ■ ■ - .o ■■ ^ ^ ^ ■ ■ ■ • " 

;■ ^ C,;^.^ . Percent Moistul% at Saturation' ' ' ^ ' ■ ^ 

The percent^.m^^ saturation percentage is defibed 

; ^ as the. numt>er Qf^gi^anis of v^tfe of ^ir^^ . • 

dry: soil . - It is f 'convenient parameter 'lj6 niea^ 
/■ paste is nonrially pKrepared for other .analyses. Satur^'on is reached 
; when .the sojV , surface glistens but no free moisture: is :;pr6sen 
. . saturated., ;^fstt will not flow. from a contained unless shaken. Due to 
'':..tbe., subj&tiye :nature of the .tJ^fel^^^^ variations in t6st results from ^ 
/ • cjj-fj^erent* sources* are commofe;. thu$v^ percentage data shoufd 

* be:; iised wi/th caution. ^ » : ; . ^ 

^Saturation percental^ is ^ useful par^ameter because^:^^^ 

estimate* of the avail abie*water-l^^l ding capaci^ of the • soil y the. > 
V capacity iV approximately brie-K^lf th^ saturation: percentage. and'- • ' 

v;v^(bout one-half the. Ji soil> can be considered ^ = 

;-.;:^vailable ta .pla^^ estimate of available water^^ 

.'holding capacity can -be \obta^ ff^om soil -water cJiaracteristiccurV^e^^^ 
as previously descHbedv. ; : ■ . ' ' - y.'' • 

• ■ '-.^J^' i'- *■ -^^ ^ ^ }''^:-:-^ ' ' ' ■ ^'; - ^ " • • ^ •■ 

* The yal ue of saturation percentage is reiated^tb soi^l 'textur^- ^Typical ; 
^ Tinges; for vari^^ ' 

; C.2.3 , Pernieabijity^ ' ' ' « , * : : / / , . 



/^^^^^^^^^^^ is a tepff:.. that - has* been used ra:^her/Tobse^ 

describe the ease: wUh whijcb.^lnqUi arid gasesv pasi throif^ ^soil v In . v 
l^., thi s , manyal > the . . term • permfeal^^r^ 1 ^be syhonymaus with:Jydr^ul ic^^ 
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VTABLE C-V. 

'-i ' relation Of SATUf^TlON 'PERCENTAGE 
^ • jo SOIL TEXTURE 



■'■ -i?' ■^iS-SPIl texture Saturation % range 





S3|td^or loamy sand 


Below 20 . 




, Sdi^dy loam}; 


20-35 ' 




Lo'4?n or silt loam* 
Clay . lil'BmV f 


35-50 _ 
50-65 




Clay • 


65-135 




Peat or muck ' . , 


Above 135 



In general.,; water moves through soils or porous media in accordance' with 
Darcy's 

^ ^' * ■ , -i ■ . ■' . 

■ . ^ ' = K dH/dl . ; (C-1) 



"where q = flux (flow) of water per unit cross sectional areas, in/h 
(cm/h) 

K; - pefiTieability (or hydraulic conductivity), in./h (cm/h) 
dH/dl = total head (hydraulic) gradient, ft/ft (m/m) 

• ' ■ f * > «»* • ' 

The total head (H) is the sum of the .soil-water pressure head (h), and 
the* head due to gravity il), or H = h'+ Z. The hydraulic gradient is 
the change in to.tal head (dH) over the path length'.(dl) .. These 
relationslWps5^,are illustrated .schematically for saturated and 
unsaturated conditions in Figure C-S. ' 

■ W-t : ' '' 

■ .■•"■'V ■ " • 

The permeability 'is defined as," the proportionality constant, K .' 
Permeability (KJ is not a true constant but. ;a- rapidly changing function, 
of water content.]*, Even under conditions of constant water content, such" 
as saturation, -Ki may vary over tjme due to increased swelling of clay 
particles, change in pore si-ze, distribution due -to classification of 
.particles,, and change in the chemical Siature of the soil-water. 
However, for most purposes satyrated permeability (K ) values can be 



considered; constant -'for a gW^n soil, tn general , the K value, for 
flow in the Vertical directi^bn wi|l not be equal - *to K *in the 
•horizontal direction. This conditiQn^'ti/known-ias anisotropics \ 



't . 
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FIGURE C-3 



SpHEMATiC SHOWIffc REL'A-TIONi^ftlP OF jpTAL- HEAD (U) , 
PRESSURE *AD {h), AND dRAVIT^TION HEAD (Z) ^ 
. F.OR SATURATIX)N FLOW" * T 
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SATURATED FLOW 



The pernieabil ity of soils %X saturation is an important, parameter 
because, it 'is used in Darcy's equation^o estimate groundwater flow 
patterns Csee Section ,C.4) and is useful in estimating soil infil tratiiOn 
rates. Permeability can be estimated from other physical properties tfut 
much experience is required>and resultis are not sufficiently accurate, 
for design Purposes. 

As suggested by th^ inclus'^ion of textural classification in Tables 3-7 
and 3-9, soil permeability, is determined " to a large ex tentr^by soil 
.texture with coarse, materials generally having higher conductivities. 
However, in .some crises th« soil structure may be equally as imgortantt 
A . well structured clay with -good stability.v can have a greater 
'permeability than a imich coarser soil . , 



■ ' ■ ■ ■ % ' w ' 

Permeability of» soils is also affected by the ionic^ nature or the soil 
water. A simplified explanation of this ieffect is given. Clay, 
particles., in the soil are negatively charged due to substitution of 
lower valence atoms for .higher valence atoms (e.g., Al3+ for Si'4+). iq^ 



the crystal structure* Because of the charge, the clay particles repel 
each other and remain dispersed in. the soil unless the charge is 
neutralized by positively charged cations in the soil -water. Thus, 
waters high in salts will contain sufficient cations to neutralize the 
clay particles and allow them to come clo$e enough together so that 
short-range molecular 'attractive forces will unite, or flocculate the 
pa^rticles. Flo'cculation of particles will result in larger soil pores 
and increased permeability. Thusv waters low in salts may result in low 
permeability problems. 

The type of ion in the soil -water al so affects permeability. Water with 
larger sodium percentages can cause reduced permeability. This occurs 
because the sodiuitt ion in its hydrated state is much larger than other 
ions, 'calcium afid magnesium in particular. Thus, the layer of sodium 
ions necessary to 'neutral ize clay particles is thicker and the clay 
particles are restricted from coming together and remain dispersed. As 
a result, the permeabil i ty -of the soil is low. If sufficient salt is 
present in th^ soil -water, the layer of sodium ions will be suppressed 
'to the' .point that clay particles will flocculate and permeability will 
be adequate. However, the salt concentration may be so high that the 
growth of plants may be restricted (see Section 5;6.2.3). 



The type of vegetation will also affect the permeability of soil within' 
• the root zone. ./The effects of ions .and vegetation on penneal)il ity are 
not of concern for groundwater aquifers biscause they are below the root 
zones and contain little, if any, clay. 

;As previ^ousiy discussed, the permeability of soil varies dramatically as 
water content is reduced below saturation. Since matric potential also 
varies as a function of water content in accordance with the soil-water 
characteristic curve, permeability, may be described as a function of 
•matric potential.* The inverse relationship between penneability and 
matric potential is illustrated for soils of several different textures 
in Figure C-4. The significant relationship to note is that the 
permeability of sandy soils, although much higher at saturation (matric 
potential = 0) than loamy soil s, decreases nfore rapidly as thf matric 
potential becomes more negative. In most cases, the' permeabil i ties of 
sandy soils e^^entually become lower than the me.dium soils. This 
relationship explains why a wetting front moves more slowly in sandy 
soils than medium' or fine soil s after irrigation has stopped and why 
there is little. hoM :ontal spreading of moisture in sandy soils after 
irrigation. : ^ • 

Estimating water movement under unsaturated conditions using Darcy's 
^equation and unsaturated K values involves relatively complex 
mathematical techniques. A discussion of such techniques j*s not within 
the scope of this manual . The user is referred to.Kirkham and Ppwers 
'[3] or Klute [4],for further" detail s on the subject of unsaturated flow. 



FIGURE C-4 

PERMEABILITY AS A FUNCTION OF THE *: 
MATRIC POTENTIAL FOji SEVERAL SOILS [1] 
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^' MATRIC POTENTIAL, J/kg . ^. ' 

C.2.4 Infiltration Rate- 



The ulfiVtration rate of a soil is defined as the rate at which water, 
enters the soil from the surface. When the soil profile is saturated, . 
the infiltration rate is equal to the effective saturated permeability 
of the soil profile. This occurs because at saturation the matric 
potential; (h) is zero' at alT depths and the total head gradient 
(d[h + z]/dz) is equal .to unity. Thus, the flux q is equal to k ac- 
cording to Darcy's law (Equation C-1). 

*When the soil profile is relatively dry, the Infiltration rate is higher 
because water is entering large' por6s and cracks. With* time, these 
large pores filJ and clay particles. swel 1 reducing the infiltratioa rate 
rather rapidly until a near steady-state va.l ue is approached. This 
change in infil tratibn. rate .with time is shown in Figure C-5 for 
severarl different soils. The effect of both texture and structure on 
infiltration rate is illustrated by the curves in Figure C-5. The 
Ai*ken clay loam has good structural stability and actually has a higher 
final infiltration rate than the sandy soil. The Houston black clay, 
however, has very poor structure and infiltration drops to near zero. 



As with permeability,' infiltration rates are affected by the ionic 
composition of t1ie soil -water and the type of vegetation. Of course, 
any tillage of^ the soil surface will affect infiltration rates. Factors 
which have a tendency to^ reduce infiltration rates include clogging by 
organic solids in wastewater, classification, of fine soil particles, 
clogging due to biological growths", and gases produced by soil microbes. 
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FIGURE C-5 

* ■ • • • 

INFILTRATION RATE AS A FUNCTION 
OF TIME FOR SEVERAL SOILS [1 J 
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The steady-state infiltration rate is extremely important and generally 
serves as the basis for selection, of the design hydraulic loading rate 
for slow rate and rapid infiltration systems. A more detailed 
discussion of soil infiltration, including -field measurement techniques., 
is presented in Section C.i3.' 



C.2.5 Drainability . 

Drainability is a qualitative term that is commonly used in soil surveys 
and elsewhere tp describe the relative rapidity and extent of the 
removal of water' from the root -zone by. flowing through the soil to 
subsoils or. aquifers. A soil is considered well-drained if ,. upon 
saturation, water -iis removed- readily, but not rapidly. A poorly-drained 
soil is one in which the-^oot ?one remains waterlogged for long periods 
of time foTlowirlg :*^ saturation kjM insufficient, oxygen supply to*rdots 
becomes- growth. limiting tb mostj/lants. ^An excessively-drained soil is 
one from which thev^Water/is reni^ed so completely that most crop plants 
suffer from lack of wateri ' . ; • > 

Irv general, )oamJ^i^ are wel 1 -drained and provide the best baTdnce 
between drajjjage-^d hoi ding capaci ty for crop production. Poorly 

__sJxuettn?eafr^fine, or irtotderateTy fine textured soil s normally are poorlyr 
drained and are best Suited to overland flow systems. Sandy soils are 
often excessively-drained and best suited to rapid infiltration systems.- 



EKLC 



e-'io 



443 



I-t should be recognized that the drainability of a soil profile will be 
de|ermined by th,e most restrictive layer in the profile. Thus, a 
shallow sandy surface layer underlain by a poorly-drained clay layer 
will be poorly-drained. 



C.2.6 Specific Yield and Specific Retention 



Specific yield and specific retention are related properties^that ar^ a 
measure of the amount of groundwater an aquifer will yield upon pliiriping. 
Specific: . yield is the amount of water that will drain by gravity. 'from a 
s.?*.y»^at;ed aquifer divided by the bulk volume of the aquifer. Thi Rvalue 
15 V typical lj^.^10 to 20% for unconfined aquifers [5]. Specific retention 
is . equal to the porosity (subsurface void space) minus the specific 
yield, under saturated conditions. The- relationship among specific 
yield; specific retention, and porosity is .shown in Figure C-6. 



• FIGURE C-6 

POROSITY, SPECIFIC RETENTION, AND 
SPECIFIC YIELD VARIATIONS WITH GRAINS SIZE, 
SOUTH COASTAL- BASIN, CALIFORNIA [5] 
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C.2.7 transmissivity 



Transijiissivity is a parameter that is sometimes measured in the field as 
. part of a method to determine horizontal perm^^ability of aquifers [6]. 
" Transmissivity T i,s the rate at which water is transmitted through a 
unit width of the aquifer under a unit hydraulic gradient. It is equa> 
to the permeability K multiplied by the aquifer thickness. 

. / •• ■ • . 

C.3 Soil Infiltration Rate] and Permeabil ity Measurements 

' . . ' • . . . ■ i»> 

■. ■ ■ . ' - ■ ■ . ' ■• - . ' .■ / 

. Field measurements of soil infiltration rates, and permeabil i ty are an 
. essential part of the design of rapid infiltration systems and most slow 
; rate systems. These J^;draulit parameters "serve as the basis for the 
^'.vdesigner' s selection, application rate that will be within, the 

%dp4^^^^^ soil at the proposed site. In this section, 

r^^^:^p^ methods for measuring Infiltration rates ^ind vertical 

^>pe'ri^^^^ are reviewed along with procedures for using the field test 

results to obtain infiltration equations that are useful. In the design 
• of irrigation systems. The relation between inf^tl't^^^^^ 
permeability /is discussed. Measurement of soil'fnjbi sturie- p 
also addressed. ' - ^ v , • v . u 



C.3.1 Infiltration . 



Infiltration refers to the entry of the water into the soil. H:|jdraiilic 
or liquid loading is infiltration over a long term (a year, for example] 
and includes resting* or dryipg periods. the facto'rs that affect 
infiltration .have been thoroughly .discussed in the 1 i terature-^pj and 
must be, finely kept in mind wheh planning and making fi el d measurements. 
Otherwise, the measurements, 'Which are relatively easy to mak^,'may be 
meaningless for the intended purposes. 



C.3. 1.1 Interpretation and Use of Infiltration Data ' /"^ 

As previously mentioned, (Section' C.2.4),. when water is applied to a 
soil that is below field capacfty, the rate of infiltration generally 
^decreases with time, approaching a nearly constant or steady .state -value 
after several minutes or hours of application. However, "initial ■ 
infiltration rates may vary considerably, depending on the ihitial soil 
moisture level. Dry soil has a higher initial rate than wet soil 
because- there is more empty pore space for water to enter. -The effect 
of soil moisture' level on initial infiltration rates and the- change in 
Infiltration rate as a function of time is illustrated in Figure C-.7.. 
The short-term decrease in infiltration rate is primarily due to the 
change in soil structure and the filling of large pores as clay 
particles absorb water and swelK; 



445 



FIGURE C-7 



INFILTRATION RATE CURVES SHOWING THE- INFLUENCE "OF INITIAL 
WATER CONTENT, d (FRACTION BY VOLUME), ON INFILTRATION 
RATE COMPUTED FOR YOLO LIGHT CLAY [1] 




Long-tenri deqreas^^s^^^^^^ steady state inftTtration rates that take 

place' dyer ,seye^^%^ are also observed. These 

deereases.^are ,th^: -fe^^^^^^ , i ncTudi ng ( T) the mi grati qn 

and _ concentration :-=of'^v par|:^fcl es in the soiT prof i 1 e , ( 2 ) the 

buirdup of organife'^^a^^^ in the soil pores, and (3) the 

blockage of soil::; pOT^^ soil microbes. The steady 

state infiltratrpn.Vra^^^ maintained by soil tilling 
and other 'manageme]it-.j^ra(jdtTte^ 

The short-tem\ c)?^ng'e\:th^ a function of time is of 

interest in ttje <de$Tgn-arrd^opei^^ systems. A knowledge 

-of how camulative^ with time is necessary to 

determinei- the tiffl|:of,:ap'pTicati^^^^ infiltrate the quantity 

of wate|> req^|,red§:to irriga application rate of 

sprinkler -sy^msMs seleet^^^^ of the infiltration rate 



expetted at the end of the application period, The^ short-term change 
in infiltration rate can be closely approximated by #e simple equation: 

V - ^ = At" ■ . (C-S 



where I = . infiltration ratepVfff'.jfmin - .^ 

A = a constant, represj^riip^ the' iristantaneous intake rate at 
•time = 1 (usually nfti'rJtites)"' 
: n =' an exponept which for most soils is negi^ive with values 
between 0 and rl 



nntegration of the rate equatioii'yi elds, an .equation for the cumulative 
intake Y at:^any time t . The equation hasHhe following' form- 

. ■ ■ " :-■ V ■ . - ■ /: ■ • 

■ • Y=_A_itn.+ 1. /-^.^v' (C-3) ' 

.: ■ ' . •-/;,; ■ _ n , ■ ■;■ , . y 

; Data from inf il'troiijeter studies can be plotted to yield cumulative 
■^intake curves from Which the coefficients for Equations C-2 and C -3 may 
he obtained. Alternatively,' the cumulative intake may be computed as a 
.flinctlpn of time using the Green-Ampt infil trfatipn model, knoyyledge of 
tHe vertical permeability profile iand the initia) .soil moisture vprofilj^; 
is needed to apply tfi.is. technique; .The K vprofile may. be detertnlnMVby^ 
the methods described .. in Section C;.3;?[if.v . ^The soil moi stuj^e Aay-be 
determined by using - a neutron moi sture^' probe gravimetric s^ampTing 
[1]. The calculation^ procedures are described for various K 

and moisture profiles [8, 9]. The advantage.'of • the calculation method 
over infil trometer measurements in .generating. -Y versus t datai. is 
that tfief .uncertainty assoc.i sited wi th ' lateral seepage under infi Vtro-f 
meters' ^is ' avoided, and the ■: Y versus . t r^lationiship can be computed 
easily for any soil moisture profile. Data obtained from the Green- 
Ampt model can /'be ApT in the isanlie manner as infil trometer data to 
yield infiltration rate Versus time curves. , 

The most direct method to determine coefficients||o^ Equation C-3 is to 
plot the data points on log-log paper with time on the abscissa and 
cumulative intake on the ordinate, and to fit the best straight line 
through the points. An example of such a plot for several different 
soils is shown in Figure C-8 [IJ. The intercep't^of the curve at t = 1. 
is equal to A/n + 1 . (not shown in Figure C-8), and the slope of th^ 
line is equal to n + 1. - . v 



The , most important application for the cufnul ati ye jritake curves is in 
the design and evaluation of border irrigation -systems. The curves may 
be compared wi th a set of. intake family curves developed; by SCS for 
border - irrigaition design, and the appropriate intake family can then be 
selected^ Cumulative intake curves may also be developed for furrow 



irrigation system design and evaluation. However, infil 
are. not. directly applicable to furrow irrigation because 
the land 'is in contact with the. water, and lateral* seepage 
large part; of the total- intake. Consequently, actual field 
furtrews. are . required to develop infiHratton,,rate versus 
Infil trajtrart^^^^^ curves may be obtained by applying the 
and n. Jj(jj.r<Equation G-2. Infil trlf:ti on .rate curves may 
selecting^ Sprinklen.ap|>an'cation rat^s. 
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FIGURE C-8 



CUMULATIVE. INTAKE CURVES Sl^OWING THE INFILtRATION OF 
WATER . 100 SOIL FROM SINGLE MNG; INFILTROMETERS [1] 
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C.J.T.2. Soil Profile Drainage Studies 



For ,:srow 'rate, systems .that are operated at application rates 
considerably in excess of crop irrigation requirements, it is often 
desirable , to know, how rapidly, the soil profile! will jdrain and/or dry 
^fter application. has stopped. This knowledge, together with knowledge 
of the limiting infiltration ' rate of the- soil and the grouncjwater 
movement and buildup, allows the designer to make a reasonable- estimate 
oT the maximum volume of water that can be. applied to a site and sttll 
produce adequate crops. A -typical moisture profile and its. change with 
time following an irrigation is illustrated in Figure C-9 ; for an 
initially saturated profile. 
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FIGURE C-9. 

TYPICAL PATTERN OF THE CHANGING MOISTURE 
.PROFILE. DURING DRYING AND DRAINAGE . 



0 -►«'AtER CSNUNT SATURATION 




Moisture profile^ changes may be,;detennined in the field by measuring the 
soil-water tension at various times and at var^ibus depths in the profile 
wi'^h tensiometers. SoiJ tension data can then be converted to moisture 
'content. values by use of the j^jSoil -water characteristic curve of the soil 
at each measured depth. Soil-watercharadteristtc. curves are determined 
by laboratory methods. A discussion of these methods and the use of. 
tensiometers is presented in Taylor and Ashcroft [1]. 

C. 3.1 .3 Estimates of Infiltration From Soil Properties 

• ■ ■ ■ ■ " . . • ■ ■ ■ , ..\ ■■ ' ■ • ' ■ •■ ■ 

Estimation of infiltratidn ' and percolation" rates without benefit of 
actual onsite testing is an \undesirabl<|i:: practice, but^ the generaf 
relationships . that have been established between* hydraulic capacity and 
soil properties through experience are. certainly reliable' enough to 
permit preliminary .screening of several available . sites. Soil 
scientists general ly agree that when. a Targe number of widely different 
soils are considered, no single factor, can serve Vas an, index for 
determining the infiltratiph rate of permeability of an indivrdual soil 
profile. * . • r . ' \o 

In a comprehensive study by O'Neal , ^*t w^s .concludeli-that ^structure is 
probably the most important single soil characteristic^in evaluating 
hydraulic characteri sties., but it was impossible to estimate these, on 
thi& basis of structural factors alone [lOX. The approach suggested, in 



.1, 



he basis; of M'ruety^^ factors/alone [10]. The apprcfacH suQge^ in 
he study 'resil^^t^^ precisipn using fouf;prin<iTpal factprs: 

(1). relative #i'rr^#^^^ horizontal and /veVtrc^^^^ 

aggregates, and, diYecti4)n of ovjerl'ap of Mflregates (3) num- ' 



, ber .'dTF and -(4) texture. ; Notie of iftese faqtors , >heh* ; 

considei^ecl. /spgl^^ > reli9ble indicator of penMability, .and each 
one had ta ^ -wi th reference to al 1 the others. The seven 
soil permeability classes use^^^^^^^ 





Soi "r < permeabf 1 i ty , in./h 


:;.very.sic;;/,,^.f 


X:/ v.- ■;>6.06' : 


Slow -K?-. 


■.. ^0^0^-0.2 ■ ; 


. Moderately^ slow 


'■' :M 0.2-;p.6^ 


^. Mpdefate " 


' \ \ ■0.6-2.0 


* Moderately rapid 


V2. 0^6.0 


Rapid . 


\.0-2Q,0 ■ 


: Very rfitpid , 


>2o.o ; 


1 in./h = 2.54 cm/h 

■ ■ 





Using tbese classes, the. soils experts who parti ciipa ted in O'Neal 's work 
were able to^ estimate the correct penneabil ity class' for 68% of the. 271 
horizons " examined, . a'rid they were within^ one class ranking for. an 
additional 24%./- Note' particularly, however, that.tKese results were 
achieved, by trained persons. Moveover, i*t must be rerfembered that even 
within a "particular class there is room for an error of up' to 400%. - 

The .difficulty; isjithat even if permeability- could be accurately 
de-termiiied frbm , a particular property (such as particle size 
distribution), it -would still be influenced by 'factors which that 
particular measurement could not account for. These-might include grain : 
orientaition, ■ colloid- migration, or swelUng, bulk density changes by' 
compaction, and chemical or biological effects. Thus, it would seem 
reasonable for reviewing agencies to insist on at i^ast some field 
measurements, of the %pe recommefided in Chaptei) 4, for all land 
trea'tmento systems where the intended appl ication \rates are wel 1 in . 
excess of the known evapotranspi ration rates. A' 

' ■ ' ■ ■ ' ■ . ■ ■ . \ ; 'a. . 

^ . .G.3 J .4 Infiltration Measurement Techniques 

'■''■■'l ' - ■ ■, I ■ : 

The V;^ilue that is required in land treatment is" the long-term acceptance 
rate' of the entire soil surface on the proposed .site for the actual 
wa-steWater effl uent^ to . be applied. The value' that can be tneasureijjli s 
only.;! short-term equilibrium acceptance rate for 'a number of parti ctrl-ar 
areas within the oyerall site. It -is strongly recommenced that . 
hydraulic tests-., of any type be conducted with the actual wastewater 
whenever possible. Such practice will provide valuable. info nhati on. • 



relative to ..possible ^sdi.l-was'tewatet*.; intera^^ might create 

future .t operating problems^ If stti table'wastewatfer i s;.not availabie at 
the r^^^^^^^^ ionic comp(osition of the* water "Us^^ be adjusted to 

correspond to that of the wastewater. - Even this simple st^ 
useful data on the swel 1 ing o*f expansive ttay mi aeral s due to iodium 
exchange. . ' ■ ■ y ... ■ • •• ■ . 



The theory of infiltration, irf which greatvstriies have'been made in the 
past decade, has simply not yet found practical application in theJand 
treatment of ^ wastewater. Model i ng the physics of unsaturated: fl ow, • 
while important, has not ianswered the -present neexl fo^ 
economical assessment of soil hydraul ic, capacity. Measiirejhfents haye 
been made by numerous different techniques without foTlbw-up studies 't^^^^^ 
rel ate operating resul ts ' to ^the original measurements. Res^eardh is 
needed in this area to improve existing design techniques. V^^^ '^^ ' i 

There are many potential, techniques for .measuring inf 11 tration?^^ 
basin flooding, sprinkler, inf 11 trofneters^ cylinder frtfiitromete^^^^^^^^^ 
lysimeters.' The technique selected should reflect the actUaiV m^^^^ 
application being considered* . The 'ar6a of larid: and the^^^^^^^ 
wastewater- used should be ' as large as practical. The; two niaih 
categori es *af . measurement techni ques are those 1 nvol vi hg fl podiilg 
(ppnding over the soil surface) and rainfall' simulators tsprink^^^^^ 
infil^trometer) . The flopding: type of infiltrometer suppl ies wate^^^^ 
the soil without impact, whereas the sprinkler; i nf 11 trometer p^^ 
;1rapact similar 'to that of natural Vain. Flodding^j'hfiltrometers -a 
easier to operate than spinkling infil trometers, but -they' almost alwaiys 
give higher equilibrium ii>f iltration- rates. In some cases,' the: 
difference is very significant, as shown in TableV G-2 , Nevertheless:,? 
the flooding measurement techniques are generally preferred because of 
their simplicity. ^ ' -a 

' , '. TABLE C^^- ^ V : 

COMPARISON OF INFILTRATION MEASUREMENT USING FLOODING 
AND SPRINKLING TECHNIQUES [11] 



Equi.l i bn uni * i nf i T tration 
rate, in./h ' 



Measurement . Overgraze^ Pasture, grazed but > 
t^cchnique pasture . having good cover 



■ 'Double- cylin/rfe.r .'■ > v 

infi Urometer (flooding). - KIT . 2-35 

Type F rainfall • 
simulator ^sprinkling)' 0.14 * - 1.13 

— — — - — '■ — — '■ — . ' . ^' " 

■ in./lj » 2.54 cm/h . •: , - ■ ^ 



Before"; sli scussing: v these f otir techni ques , - i t shoul d be poi nted out that 
the standard li.S. Public Health Service (IJSPH^) percol atioh -test used. 
for establishing the size, 'of septic tank drain fields [12] is not " 
recommended .except for very- small subsurface disposal fields or beds. " 
Comparative field studies have shown that the percolation rate from the ' 
**est hole is always sigriifi.cantly higher than the .infiltration rate as ' 
determined from the; doubler^ylinder ,.\ (al so . called double . ring,) - 
inf i1 trometer test^, . The di f f 6rence between the two technique i s iof 
course related to the much higher percentage of larteraV flow experfenc'ed • 
with the standarcf percolation, ti^st. The finaV. rates measured at four 
Ibcations on a 30 acre (12 ha) site using the tv5b . techniques.. are 
compared; in Table C-3. / The lower coefficient of variation (defined as • 
•the 'Standard deviation divided by the mean value, Cy = q/M) -for the 
double-cylinder technique -j-svi especially significant.. A plausible , 
interpretation is that the measurement technique involved is inherently- 
more precise than; the standard percolation test.. \. - •: ■ ' 

TABLEjJ^(5;.3';; • ;i - .^ '^l ' A 

COMPARISON OF INFILTRATION MEASUREMENT USING STANDAI^D 
USPHS PERCOLATION TfST ANb DOiJBLEvCVLINDER INFILTROMETER^ ' 



■ . . , • Equilibrium jnfi-ltra.tion .;• 

•; ; . : • rate, itj./h ■ 

■ . Standard :tlSPHS . .DdMblfl-cylinder 

Location percolation ,tes.t ;;>|nfi.]tronieter 

> . . : 48.0. 0 ': ' : %X9,0 ■ / 

2 . . - ■ 84.0' • 10.8 

... . ■ ■ , . . ^ .. ■ . . . , , . 



■ . • ' :-■// . Stahdaird . . • ,\ .' -'^ 

^' deviation ■ "-X 40.0 _ • 2.3' ■ ■* — • 

■■'fe::- . . -'p^- ■': ■ ' . .V ' : ^ . '•■■*.■„ . '■ 

•. - 'i;- ''' Coefficient . 

• ^-^^^ ' • variattpn ^ • y 0.48 ' ' '* ' ■ 0'.2() v^'^ 

.■■*)?>•■.'■■•'•. ''T — --'t-- ■ ■ ' 7 — ■■ — . ; ■ '•. ' — — -^ij-^-- 

"'■■.,,1;. , ■ , . .* ' a. 'Using^--sandy soil free-of clay. . M'.". 

o ' - ^fe. : ' '■ - "''^ l-1n/hC= 2.54 .cm/h. ^ ^ ■ •• . ■ ^ 



.- "f* 



:■■ ■ .• r . ■ ^ ■ ■■ O'")?^! • • ■ -'C^Mlt f ; ^-k^yi^^'M: ° 
" V. ^ : C.3J .4V1 - Ifltioding'^B^i^^ 

Where pi 1 Qt basins Have:*b;e% .iiSed^f of- -i hf i 1 tratron, the 

pi ots, have generally ra^^eii 'frm^'^d, ft^ -{0. 9V ) to 0 . 26 •'acre -('0> 1 
ha') . Larger pi ots ^aife'-'.proyi'dei^ thWa border arrangement for • 
. application of the>water.;. ;4f,^t by hose* a -CcKiVas or .• 

burlap" sack QVer.; the end .Of the hose 'Wi^V minimize disturbance; Of "l^he 
soiK'' [7], Although basi'n tests - ar^e/^deVirabile, and 'should be us^d ^ 
.whenever posrsi bl e . there probably wVl 1 not^ aci se many, oppprtuni tites to 



do 'so because of the large volumes of water needed for measurements. A 
sample . basin is shown in Figure C-10. In at least one known instance, 
pilot basins, of large scale (5 to 8 acres or 2 to 3.2 ha) were used to ♦ 
demonstrate feasibility and then were incorporated into the larger full* 
scale system [13]. - 

^. - ; : • : .FME c-10 ^ 

^. FLOODING BASIN USb FOR MEASURING INFILTRATION 




C.3.1..4.2 Sprinkler InfiTtrometers 

Sprinkler infil trometers are used primarily to determine the. limiting 
application rate for systems Using sprinklers. To measure the soil 
intake^rate for sprinkler appl ication, the* method presented by Tovey and 
^Pair can be used [14]. The equipment needed includes a trailer-mounted 
water recirculating unit, a sprinkler head operating inside a circular 
shield with a small side opening, and approximately 50 rain gages. % 
schematic diagram of a typical sprinkler infiltrometer is presented iri 
Figure C-11. A'2 ton (1 814 kg) capacity trailer houses a 300 gallon 
(1 135 L) water supply tank and 2 self-priming centrifugal pumps/ The 
sprinkler pump , i5hould have ^sufficient capacity to- deliver at least 100 
gal/min (6.J ' L/s) at 50 lb/in. 2i (34.5 ' N/cni2) to the sprinkler 
nozzle, and the return flow pump should be capable o^ recycling all 
excess water from the shielcUto the supply tank. The "circular sprinkler 
shield is designed to /{Permit a revolving head^sprinkler to operate 
normally inside the .shield. The. opening ihi the side of the shield 
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L/|r0UT OF SPRINKLER INFILTROMETER [14] 
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restricts the wetted area to about one-eighth of a circle. PVior to- 
testing, the soil in the wetted area is brougjrt up to field capacity. 
Rain gages are then set out in ro^s of three spaced at 5 ft (1.5 m) 
intervals outward from the. sprinkler in the center of the area to-be 
wetted. The sprinkler is operated for about 1 hour. The intake of 
water in the ^ soil ^at various pi aces between gages is observed to 

/determine whether the application ra.te i^ less than, greater than, or 
equal to * the infiltration rate. The area selected for measurement of 
the application rate is that where the appl i cation is equal to the 
infiTtration rate, i.e.', where the applied water just disappears from 

*the soil ^surface as th6 sprinkler jet returns to the spot. At the end 
of the test (after, 1 hour), the amount of water caught in the gag^s is- 
measured and the intake rate is calculated. This calculated rate of 
infiltration is. equal to the limiting apRrlication rate that the soil 
system can accept without runoff . ^ - 

* 

C. 3. 1.4.3 Cylinder I afi Urometers 



A useful reference on cyl tnder, infil trometers is Haise et al . [15]. Jhe 
basic technique, as currently practiced, is . to drive or jack a metal 
cylinder into the,' soil to a depth of about 6 in*. (15 cm) to prevent 
lateral jSr divergent flow of water from the ring. Jhe cylinder should 
be. 6 to 14 In. ^ (15 to "35 tm) in diameter and approximately 10 in.. (25 
cm) in length. Divergent flow is furttier minimized by means of a 
"buffer zone" surrounding the central ring. Th6 buffer zone is commonly 
provided by another cylinder^ 16 to 30- in. (40 to 7,5 cm) in diameter 
driven to a depth ot 2 #o 4 in. j5 to 10 cm) anjl kept partial ly '^full of 
water during the time of infiltration measurements from the inn6r ring. 
Alternatively, a buffer zone may be provided by, diking^ the area , around 
the Intake cylinder with, low (3 to 4 in. or 7.5 t?o 10 cm). earthen dikes. 

• ■ - 

The quantity of water that might have to be supplied to the double- 
cylinder system during a test can be substantial and might be considered 
limitation of the*technlque. For h1ghlj(< permeable soil, a, 1 .600 gal 
(5 680 L') tank truck might be needed to hold a day*s water supply for? a 
series of tests.- The basic configuration of the >*equ1pment during a test 
is shown in figure 0-12. ^ ' . • ' 

This* technique is ^ thought to produce data. 'that are at least 
remrese/itatiye of the vertical^ 'component of flow. In wnost soils,, the 
infiltration -rate will decrease throughout the test and approach a 
steady 'State value asymptotically. ^.This may'-requtre as Vijtle as 20'to 
30 mim^tes in some soils ancl. Several hours in others. The test ^cannot 
be terminated until^the rteady'^statl^ is attainetj or else the results are. 
meaningless (see F1gure*€-7). ' , 



V FIGURt G-12 
CYLINDER. INFILTROMETER IN USE 
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The following precautions concerning the cyl inder inf il trometer test are 
noted. 

1 . If a sprinkler ood application is planned^ the cylinders' 
should ^obviously be placed in surficial materials. If rapid 
infiltration is planned, pits must be excavatedxto expose 
lower horizons that will constitute .the bottoms of the basins/ 

.2. ..If a' more restrictive^ layer is present beVow .the intended 
' plane of infiltration arid this layer is close, enough to the 
. intended plane to .interfere, the inf il trati on cylinders should 
■be embedded into this layer to ensure a conservative estimate, 

3. The method of placement into the spil may be" a serious 
limitation. Disturbance of natural r structural conditions 
(shattering or compaction) may, cause a Targp variation in 
infiltration rates between replicated runs. Also the 
interface between the soil and the meta\ cylinder may become a 
seepage, plane, resulting in abnormally high • rates. In 
cohesionless soils (sands and gravels), the^oor bond between 
the ' soil and the cjjjlinder may allow seepage - around the 
^cylinder ana cause "piping." This can.be observed easily and 
corrected, usually by moving a short distance to a new 
location and. trying again. Variability of data caused by 
cylinder placement can largely be overcome by leaving the 
cylinders in place over an extended period during a series of 
measurements [7]. - 



Knowledge of the ratio of the total quantity of water infiltrated to the 
quantity of water remaining directly beneath the cylinder is essential 
-if one is interested only in vertical water movements. If no correction 
1s made - for lateral . seepage, the measured infiltration rate in the 
cylinder will be well in excess of the "real" rate-[16]. Several 
investigators have studied this problem of lateral seepage and have 
offered suggestions for handling it [16, 17, 18]. 

^s pointed out by ^n ^';,Schil fgaarde [19], measurements of hydraulic 
conductivity on soi^ |safrtpii'^s':^-jGbften show wfde variations within a 
relatively small, areav; flundred-fold . differences are common on some 
site^. ^Assessing hycfraul ic'i capacity for .a project site* is especially 
difficu^l»: because test plots may have adequate capacity when tested as 
i sol a^^ portions, but may prove to have inadequate capacity after wat^ 
is applied to the total area' for prolonged periods. Parizek has 
observed.Wthat problem arfeas pan be anticipated more readily by field 
study following spring thaws or prolonged ^ejriods of heavy rainfall and 
rechafrge^ [20]. Runoff, ponding, amj near saturation condit:^ons may be 
observed' for brief periods at sites where drainage problems are likely 
to occur after extensive application begins.. * ' 



Although far top few extensive tests have been made to gather meaningful 
statistical * data on the cylinder infil trometer technique, -one very 
comprehensive study is available from which tentative conclusions can be 
drawn, Burgy and Lut'hin reported on studies of three 40 by 90 ft 
(12,2 X 27.4. nr) plots of Yolo silt loam characterized by the absence of 
horizon development in the upper profile [11]. The plots were diked 
with levees 2 ft (0.6 m); high. Each plot was flooded to a depth of ^\b 
ft .(0.5 m), and the time for the water to subside to a depth' of 0.5 ft 
(0.15 m) was noted. The plots were' then allowed to drain to the 
approximate field capacity and a series of cylinder infil trometer tests-- 
357 total --were made. 



Test results from the thr^ee Dasias*located on the same homogeneous field 
weif^e compared. In' addition, test results froip single-cylinder, 
fnfi Urometers wi.th no buffer zonfe were compared with those from double- 
cylinder infil trometers. ' The inside-?: cylinders ' had a 6 in. (15 cm) 
diameter; the outside cylinders, where used, had a IZn'n. (30 cm) 
diameter. . . a - 



For this particular soil, the presence of a buffer zone did not have a 
significafit effect on the measured rates. Consequently, all of the data 
ar6 ^summarized on one histogram in Figure C-13. The calculated mean of 
»the distribution shoWn is 6.2 in./h (15.7 cm/h). The standard deviation 
IS &.1 in./h (V2.9 cm/h). 



Burgy and Luthin suggest that the ^ extreme high values, while not 
erroneous, should be rejected in calculating the hydraulic capacity of 
'the- site. Physical inspection revealed that these values were obtained 
when the cylinders intersected -gopher burrov/s or root tubes. Althoifgh 
these phenomena had ah effect on the infiltration rate, they should not 
be included in the averaging process as they carried tco much weight. 

■ AV a criterion' for r'e\ecJ:ion, Burgy and Luthin suggest omitting all 
values greater. than three standard deviations from the mean value. They 
further suggest an arbitrary selection of the mean and standard 
deviation for this procedure ba^ed on one's: best estimate of th^ 

. corrected values rather than the original calculations. . From inspection 
of the mstogram, these values might be selected as about 5 in./h Li^7 

•cm/h) and 3.5 in./h (8.9 cm/h), respectively. Thus, all values grffl^ef 
than 5.0 + 3(3.5), or 15.5 in./h (39.4 cm/h) are arbitrarily rejecteil: 
a total of 12 of the 357 tests made (3.4%). ' 'i^ .'fi 

Because it is important tcuprovide conservative design parameteVsA'fpr' 
this work, however, o't is recommended that all values greater then -l^o 
standard deviations, from the mean be rejected. For the example^ iefn^ 
results in the rejection of all values greater than 5.0 + 2(3-.5) ^/o? .U 
in./h (30.5 cm/h) from' the average. A recomptitation usin^^ thifc 
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- VARIABILITY OF iNFILTROMtTER TEST RESULTS ON RELATIVELY 
• ' . ' \ IIQMOGENEOUS SITE [20] 
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— ervterTi^^^ a -nieaii— of 5v1' in./h .{12.5 cm/h) and a standard 

Vdieviatf^^^of-2^^^ in./h {;l7.tl; cm/h). This average value ds within 1^6% of 

the. J^^pP 5^^^^^ value ' -of 4.4 in. /h {11.2 cm/h) as measured during 

f 1 oo#^5illeK|^^ of the entire plot. \, . 

The J^nivquestion' to/be now is, how many individilal t^ests must 

be ■msffl^ an aiverage that is within some given p.erc^nt of the 

:tru^^'^fe^ri,- say at t,he; .90% confidence inter.va1? The answer has been 
prowi|M;; b^^^^ using the Student "T" distributro.n. .Detai4's' 

of 'Si\i!^-Aeriy^t^ are omitted here but can be found in most standard 
te)i,t^^^^^^ 




ct)nfid.e 

^f^v'rtiay 
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that 

a^rqp|i| 



two \typica1 sets of computations are summarized in 
C-15. The two sets of curves are for 90% and 95% 
als. The confidence interval and the desired precision 
basic; choices that the engineer must make." A 90% 
the measured mean, which is within 30% of the true mean,, 
ient for small siteS* where neighboring property, is 
pansion if necessary. On the other hand, 95i confidence 
iured , value is within 10% of the true mean may be more 
for- lairger sites or for sites where expansion will not be 

s constructed. 



e^K4^l:^^|ccomp1 i s^ the project i: 



.1 



will have to be estimated^frtDm, a few 
is the main plotting parameter in these 



^ coefficient of i variation 
I imi nrary tests betause i t 
igures. As^ an,/ exanfpTe, for the adjusted distribution of Burgy and 
^.jLuthin' s data > wi th ''a . coefficient of variation estiniated at 0.55, at 
'^Te^^^^ 23 separate tests would be required to have 90% cc^^dencje that 
the computed, mean^ would be within 20% of the . true^flfipn v0ue of 
infTl tration. ,0bviou's1y, time and budget constraints must "^e consfdered 
in making the, conftdehce and accuracy determinations; 3 to 4 marr-dayi of. 
work might 'be. required to make 23 cylinder infi Urometer tests. 





€.3.1 .4.4 Lysimeters 



Lysimeter' studies., using either undisturbed cores {cohesive -soils) or 
disturbed /samples compacted carefully to, or near, the field bulk 
density^ of 'the undisturbed sample, may have potential for bridging the 
very large gap between short-term field tests with clean water and Ibng- 
teirm pilot 'scale field studies with the actual wastewater. The- 
configuration of a typical lysimeter is shown in Figure C-16. Smaller, 
diameters; .^QWn to, 3 or 4 in. {7.6 or 10.2 cm), have been jjsed 'with 
success, .especial 1y for relatively undisturbed'Cores. The graved layer 
shown : J 1p the'*, figure is artificial and was provided only to prevent 
clogging at the outlet. Screens and perforated or porous plates have 
been used for' the same purpose in other lysimeter^designs. 
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FIGURE C-T4 



NUMBEl; OF. TESTS REQUIRED FOR 90% CONFIDENCE 
THAT THE CALCULATED MEAN IS WITHIN STATED 
PERCENT OF THE TRUE -MEAN 
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FIGURE C-1 5 

NUMBER bF TESTS REQUIRED FOR 95% CONFIDENCE 
THAT THE CALCULATED MEAN IS WITHIN STARTED . 
PERCENT OF THE TRUE MEAN' ^. 
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• * FIGURE C-16. : : 
LYSIMETER CROSS-SECTION * 



*<,.■•■ ■ 0 




% ^— — 3 f t dlam — ■ — >■ ' • 

♦■iV/v ■ . . ' • , ' ■ * ' 

^ • * . ' 'f ['•'■. • "it. • . 

. ' ^ ■ . 1 ft »0. 305 m - . :j ,* 

■ ' -r in,«2,S4 cm ' , . ' , " . \ 

If clean water 1s- used in. lyslmeter kests^ close agreement with the 
Results of . cylinder inf il trometer resul ts shoul d be obtained, provided 
that the infil trometer tests were made carefully and with Sufficient 
replicates (usually 6 to. 12) [21]. With actual wastewater," however, the 
results will not match. In a study by Ongerth and Bhagat, the 18-inch . 
(45.7 cm) diameter lysimeter,-, loaded at somewhat; less than loD lb of- 
BOD/acre-d (112 kg/ha-d) , averaged about 5 to 10% of the infil traction 
ratqs observed on the undisturbed soils using cyl inder infil trometers 
and clean water [22]. Follow-up s^uclies on a pilot basin of 
approximately 0.25 acre (0.10 ha) showed that rates significantly higher 
than those observed in the lysimeters could be sustained [23]. After -1 
year of operation the infiltration' rate from' the • pilot >asin has 
averaged ^put 25% of those measured by the original cylinder 
infil trometer. testing on this site. This is almost three times the rate 
predicted from the lysimejter tests. Exact reasons for these differences 
are no^ known, but the packing of the disturbed soil into the lysimeters 
is probably a major factor. This problem will be more critical for fine 
textured soil s. : Much^ more information -from studies like the one by 
t^gerth and Bhagat is necessary before general conclusionS;C'an be drawn. 



C.3-2 Relation Between Infiltration and Vertical; Pemeabil ity 



Percolation , the movement of water through the soil, is a distinctly 
di'fferent property -/f rom J nfil trati on ; the, movement of water through the 
soil surface into, the soil>> TKe .measurement of the veVtical component, 
of. percolation is cal.led . the . Vertical permeabiM i ty > In a study by 
Bouje/er ' [241 tt has bem shown that . the steady state value of 
infiltration, of secondary v5S^ewater, ef fl uents containing approxima-tely 
2b mg/L/ suspended-, solids is^out one-half of the potential saturated- 
vertical permeaibility- ; 



AlCnfeNjgh thp measured infiltration rate oh the particular site may 
decrease in time due to.- sunface tTogging' phenomena, the subsurface 
vertical .pen[nea*bil i ty a=t saturation wilf >.>generally remain constant. 
That is,' clogging in-depth doies not generally ocpur^ Thus, the-s'hprt- 
term* measurement 'of infiltration serves reasonably well as an^ estimate 
of the. long-term saturated vertical permeability if infiltration is 
measured oyer, a ' large area. Once the inf 11 trati on surface begins to 
clog, however, the flow beneth -the clogged layers tends to be 
un'Siaturated and at unit hydraulic gradient. • \ 

■ ^ / ■ * ' . ' ■' '■ • ■ ■*■ ' ' ■ ' ' .> 

e.3.3 Measurement of Soil Vertical Permeability 

' ■ . • ■«■... 

The . rate at which water percolates through the soil :profil'e during 
application depends oh the average saturated permeability (K ) of the' 
profile. • If- the sdiV i s uniform^, : K is constant with depth, and any 
differences in jneasured values^ of 'K \ are due , to errors in the 
measurement technique. Average . K then may .be" computed as the 
, arithmetic me^n: ; ' . , ^, / • : 



am 



Kt + K/j + Ko ' • • • 
\ d 3 n 



(C-4) 



where K^^ = ari thmetic mean permeabil i ty 



*Many soil profiles approximate a layered series of uniform soil s with- 
distinctly* different K values, generally decreasing with depth. For 
such cashes, it can be shown that average-., K 15 represented by. the 
harmonic "qpeap of the K values from each layer [25]: :. . 



where D 
d 

\ K 



n 



hm 



K 



hm 



soil profile depth 
depth of nth 1 ayer 
harmonic mean permeability 



n 



(C-5] 



Cr30 



If a ,-bia.s or preference for a certain K value is not indicated by. 
statistical, analysis of field test results, a ra.ndoin distribution of K' 
for a certain layer or soil region must be assumed. ;.In s^uch cases, it 
has- been ^shown that the geometric mean provides the best esiimate%f thfeo 
true K :[25]: " - : * ; . * ■ - 



; . . ; ^^gm = ^^1 * h - h -'^n^t^ J^-^^^^^^^^^^ / , 

. . ' ' ' ■' i ■ ^ • . ■ ■ ' 

where -K^^ - geometric mean permeabil i tj^ V , ; /, ' ' 

. ■• ; r;v. ' • :' . ^ ^ 4 ; . . 

Methods available to measuihe vertical saturated pehneability in the soil 
region above a water table,/br in the absence of a v^ater table, include 
the V double tube [26, 27l, the gradient intake. £27, ,28] , and the air 
entry permeameter [29]. : ; ; - ; ^ , 

: - ' - ■ 

Each method requires wetting of. the soil to obtain K values.; During 
^Vetting, -air is often trapped in thfe soil pores, and long -periods of 
infiltration are nqc'essary to achieve 1^^^^^^ saturatioh. Thus,- the. 
measured K *value (K^) ^ is usually less than the saturated 
permeability (Kg). The air entry permeameter measures \ in the wetted 
zone during . wetting, and the measured K is. about ^0.5 ' {29]. The 
-double tube aM gradienjt intake methb^s^^requi red longer periods of 
infiTtratipn, and the soil, becomes more nearly saturated. . Thus, the.. K 
value de.tennined with these: two methods may be somewhere between O.5 
and K . . ' . ' / • 

■ - ■ * ■ , '■»•■.. ■■ ' ■^ip ■ 

In the gradient i ptake and^dpuble^^ube. methods , permeabil i ty i s measured 
at the bottom of an auger hole, .so these methods can be us^ 
measuring K :" at different • depths in a profile. The air entry 
permeameter is a surface device, and pits or trenches must be' dug if it 
.i's'to be used for measuring K at greater. dj^pt^^^ 

■• ■ ■ ■ .-- •" ■ ■■. ^'* ■* v\V''''!b'''''^^-*K ' '• ' ■ ■ ■ ■ ■ ■ . '• ' • . 

C.4 Groundwater Flow Investigations : ^' -^^rjK^^^ 

Groundwater movement t;hraugh' soil and rbck^'^^^^^W to the d^gn 

and operation • of land treatment systems, especially rapid iMil traxion 
'systems. Quantities a^fd.qual f ties qf subsurface water; will .il^ilcely be 
aTtered by rapid inf.ijtration-i Estimating, subsurface wat|r:;flpw by 
indirect 'Surface methods and by '^more direct subsurface irethpds is 
des^cribed ' in this - section. "the use of hydraulic model s to R^redict 
groundwater movement also is described briefly. » ' ' , 



. _^^J|Jp4.1 .Groundwater,,E1 evati on Maps' ' ■ , ••• . 

^ .Grou|d^ater., elevation maps are constructed by' interpolating between 
; (Measured 'el 'evati 0ns i n, wei; s antf . drawi ng contour ■ Ti nes of . equal " 

elevation.; .Th'e. . moyemfentr of?, the groundwater' is ''in''"a' direction 
•perpendicular to, , the contours .'from the higher to the lower el evatix)ns. 

The fl owrate can be ..estimated usihgtilarcy' s l-aw, b|; measSri ng the ,1 ength^ 
vol- -.betwedh, grbuTidwater elev^ d>1.,. \ • • 

Groundwater "maps are used to i denti.fy zones "Of discharge and recharge. 
Since groundwater flowSu downgradient; drQ^ and ridges represent 

recharge zones; .. and • basins, troughs, and .valleys represent discharge 
zenes% ; Recharge :and dh.charge zones'are likely:,to occur where aquifers 
/are exposed at the ,e;arth surface, where lakes; and str^eams intersect 
shallow water tables, ■ ahd where there is concentrated agricultural , 
industrial, or municipal land u^e. .Groundwater discharge can occur 
because of-<v^tica'l leakage along faults ori othei- boundaries. 




C.4.2 Sifirface Methods, of Estimating .Hydrologic Properties 



Indirect surface ' methofis Can. often be used to provide qualitative data 
on substJrfafce hy-drt>log.ic . properties. These methods, include: (1) earth 
resistivity-, remote Se.nsing; .arfd (3.) soil and geologic surveys.* 



£■.^^2.1 feai^th^Reststivity, 



1. <• 



Earth resi.stiv.iety surveys are , useful Jn determining: shallow water 
tables^: These and: ather ;^ebp'liysical,' c/lochettiical , and ^geoT-ogical 
surveys- are rev-iewed by Maxey £30]. Resi.stivi ty surveys are .inexpensive 
•and yield qualit|ative's^«ub;j^rfa(;e\data;^^^.'- . 



... - , 

.:- -.. ..... r :-■ . ' V. ■ . ■ ■'!>. 



■ . C:A.2:2 Remote Sensing' v. ■ '»„.■• , ' . ': 

: ■ ■ M: ■ ■■■■^ • ' ■ ■■■■ • ' ' ■ 

Remote sensing by. aerial an^ satellite phcijoaraphy can be used to 
estimate ; subsurface hydrol o^ic propenies ;■ from J nterpretation of 
differences in vegetation, : so^ ^associ/^tioris^ -..'and siif-face drainage. 
'Aerial photographs ° .are, usUal ly.av.ail able ,fM .the -SCS soil .surveys or 
from land use surveys. S^tel 1 ite/photographyt: a.'nioi»e./ recent' t 
a[h,d comptiter-geherated maps can be used ije .e<;ktimate' subsurface hydrology 
.from interpretation of surface featuf^s, suGh>-a6 io'il moisture. " > 



• ' 0.4. 2. '3 Soil and Geologic, Surveys " . - ■ • V 

Ex is ting soi 1 surveys often 1 ncl ude i nf o rmati on on : geol ogi c vf eatur es , 
depth to groundwater, and areas of poor drainage 

devel oped by USGS , -i ricl ude di scuss tori.s of c 1 i mate , 1 and use , geog^^apiiy , 
ohysical " ge.ol ogyy^ mineral ogy , petrol dgy , . struct^ural :ge6l pgy, hrstoriGal^ 
•geology^ palepntology, and ecohomic . geology ; of an area. Methods of^ 
maki hg geol ogic sunVeys are, di scussed 'by Lahee [-31 ] and Comptbn; l^T]. 
Geolpgic surveys often inclMde numerous measurements; of rock .thicknes$, 
texture, .structure ;^^^^^a^^^^ (dip, strike^; plunge), and statl:?tiqal 

analysis of the data ms^y be given. ^ ■ ; ♦ • * • ^ 

•Publ i s'hed gepl ogic surveys are useful irt de;$c^ physicaT 
'.iT)alce-up, thickness ,^ attitude, and boundaries of^: geol o^c niay 
aquifers* They at;e useful- in identifying fechl^ 
subsurface flow- directions, surface ^'d^^ 
•quality problems, and- potential h'azarcls^ ^f^ are 
produced by * federal and estate geol ogi cal . surveys a,fid bureauyAOf mfnes> 
they are al So^^available as. reports for speci a! engineer^ 
and educational studies at uni'versiities ancf ^tesearch centers. ' ^ 



'.' 0.4^3* Subsurface Methods of Estimatirig Hydrblogic Properties 

togging methods, aquifer tests^. and |;jl,aboratory ^ , t^^ are among the 
sub^surfa'ce methods used to estimate hydrbVogiQ/prMerties. retjuir^ 
physical access to' the siibsurface through welii,'|^ts , o^ ^hole's. * 

- : C. 4^3:1 l^sging- Methods- V . ; ■■-v. 




' Lo^gi ng methods .are used: to estiniite ^^/t^^ groundwater 
circulatipn and qual i ty. v A 1 og is a/ descriptfd^ o rnateriaV proper^^^^^^^ 
wi th ^ depth' as determined; by observations or measiirernents^.j^ 
or with sampTa^i from a hole. DriTlers' ■logs-and el6ct^^^ resista'nce 
and pot^nt'^ al 1 ogs ar6 most common. - Changes . in ;^;Sjoi 1 s. or sbi 1, materi^i's; 
can bie cbrrel ated wi th spi kes or peaks .on the ''el ectric J og printQMts. 
Various logging metf^ods' are reviewed by Jones and Skibittke [33J and. 
Todd [34]., Professional -Toggfng companies;, p detailecl manual's vand 

Research papers. ^ A summairy of subsurface Tpgging^ihfor^ 
by various method3 is prpvided in table C-4.,' ' ; ;^ 



C.4.3.2 Aquifer tests ' 



.Aquifer tests by the pumped-rwell met'hpd; are perforjiied usin series of 
welTs in the field. Tlrie approach i-s to discharge (pump) of; r'eeha^ 
..wfilV at a known rate and to measure the response of water levels in, the 




other wells. Water level responses are then mathematiGall/rel ated to 
permeability ( K ) or transmissivity [6]. - . . • 



TABLE (|C4 



SUBSURFACE LOGGING INFORMATION 
O&TAINED.BY VARIOUS METHODS [34] 



Method 



Operation 



Drillers' log 



Observe well cuttings 
during drilling 



Drilling- time log Observe, drilling time 
.Resistivity log\ Measure electrical 
resistivity 'of:!%dia 
;3j, *> ■'- surroundiag. encased hole 



Potential log. 

Temperature log 
-^Caliper log 

Current log 



Measufe'naiurai,-. 
electric pQtflrnfc^. or 
self-potential'^ 

Measure temperature. 

Measure hole .dfamete.r 

Measure current 



Radioactive log " Measure attenuation of 
. gamma- and- -neutron rays- 




Roc^. contacts, tTSRaHf de$cri&»^ 
or type texture. ^jWllpf for lafibrat'Sry 
tests. Common meihool/ 

Rock texture, porosity. ' 

Specific resistivity of rock's J porosity, ' 
packing, water resistivity, moisture content, 
temperature, groundwater-quality.- Correlate 
with samples for best results. Common method. 

Permeg)lp or impermeable, groundwater Qual^ity: 
Commo if method. * . 



Groundwater circulation, leakage^ 

Hole diameter, rock consolidation, caving 
zones ».xasing location. - ^ 

Groundwater flow velocity, circulation, 
leakage: v . ^ 

Consolidation, porosity, moisture content. 

Common in soil studies, clay or. none lay materials. 



Bouwer sumnarized other variations- including the auger-hole 
piezometer, and tube mettiods [35]; In the tube. method, the resultant^ 
IS for the.vertlcal direction [25, 35]. For the- piezometer method, the 
direction of measured K depends on the ratio of the- piezometer height 
to Its diameter. The auger-hole test, which measures principally 
horizontal permeabil i ty $ is discussed further in Section C. 5.2.2. ' 



C.4.3.3' Laboratory Tests 



Laboratory tests of subsurface' flow properties are generally not as 
reliable as field methods, because of the errors introduced in sampling 
and the change ih properties due to disturbance in sampling. LaDorat(f^y 
QetenniTiations pf soil -water characteristics ' and unsaturated conduc-: 
^TvTty curves are presented in Taylor and Asficroft [1], Kirkhain and 
Rowers [3], Black [36], and Bouwer and Jackson [37]. BetaQse^ ot'& 
tremendous variability of,: actual hydrplogic properties, a great many^^ 
laboratory tests must be conducted to/pray"ide statistical validity. ^ 



p.5 Groundwater Moiind Height Analysis 



vft * C.5.1 • Intrdductiqp 



■ * •• • ■ /• 

If water that infiltrates the, soil and percol^^tes vertically through the 

lone of aeration encountef^s a water table-dr an 'impenneablecv(or less 

permeable) layer,- a groundwater "mound" wil T begin to grow. If the. 

mound ^height continues to grow,,^ it^ay event^ika^ly encroa^Hi on the zone 

of aeratipn to the poi^it where renovation capacityM's affected t Further 

growth may result in intersection of the mound with the;-soil surface, 

which wil 1. . re<iuce infiltration rates. This prQblem,can usually be 

identified and 'analyzed. before the system % designed and built if the 

proper geologic and ttydrolonic inj^rmation ts ava^able for analysis. . 

Pa^^izek [ZCT]^ and Spiegel -L38] support the cpnc^ Of hydrogeol ogic 
systems ^^-analys is tO' ^define the "probable effects of a* project . on local 
and regional . water . table configurations. Modeling, may be. expected to 
delineate areas" likely, to » be flooded, d^onstrating the need for 
drainage facilities an J* their location. Thus, contingency 'pi ans to 
{eliminate potential drainage problems can *^be formulated at the time 
projects d,re designed. . • i 

_, ^ ' . ; _ 1 _ ^ - ■ ■' , 

Practical Vy all analyses of drainage problems have been limited to th'e 
behavior of the water table, wljich of course' responds to a wetting event 
as shown in Figures 'C-17 and C-18. Irrigation experts recognize that 
water table position" alone is not a satisfactory criterion in their 
work. If ^ the present state of knowledge -would permit, they m^ight well" 
redirect th^> (attentions to the moisture/ content of4the root zone. The 
s,itbation is .simTtar wi th respect to /land application of wastewater. 
One^ is really-less interested in the position of the water table at any 
time than in the onset of anaeroblosis in the soil voids and the 
breakdown of renovation capacity. Analysis t)f the latter is so complex, 
however, \^that we will, have to be cohtent for the present to simply be 
able to control the water-table, or to know how high it will rise under 
given loading cond4^tions. 

;. .. ■. : ■ : ) , ■ : ;■• . ,. ■ .; '-y •■ ' 

'Analysis \pf the growth and decay characteristics of grbundlvater mounds 
-induced by percolating waters is a complex, mathematically sophisticated 
process. !The problem has been attacked in several ways, including 
analytical analog, and (digital modeli nc[. Several empirical equations 
representing gross approximations have al so appeared. A complete review 
of fall' the work in this area is well beyond .the scope of this appendix. 
Rather, the ^ input- data Generally required for the analysis will be 
discussed, and & short review will be provided of published studies that 
should prove useful to, the usgr. searching for a method 'to suit a 
particular problem. Only simple geometries, known to recur frequently 
in practical applications, are icovered by , these references. 

: .. ' 468 , ' . ■„ ■ ,:' 



FIGURE C-1 7 5 



MOUND DEVELOPMENT, FOR STRrp RECHARGE [33] 




FIGURE C-18 : -I 

■ ' • . . 



MOUNO DEVELOPMENT FOR CIRCULAR RECHARGE AREA 




C.5.2 Data Requirements 



Before proceeding with any ^analysis, a good deal ' of data must be- 
collected: ' The following ^wt of input infonmation requirements is 
abstracted from the work of -Baumann [39] and Parizek [20]. Pertinent 
comments by other investigators are included, where appropriate to 
provide additional insight or clarification^ 



1. Coefficients of vertical and torizontal permeability. If the 
site 'is large and/or its^ soils heterogeneous, a spatial 
distribution of- these values will be needed. Klute [40] and 
Papadopulos et al. [41] both stress the need for extensive 

; rather than intensive methods of characterization, and 
meaningful average conductivity functions, together with 
probability statements as to deviations from the mean value. 

2. Specific yield (drainable porosity) of deposits saturated or 
dewatered by water table fluctuations. 

3. Vertical distances between initial groundwater surface and 
ground surface, and between initial groundwater surface and 
impervious stratum. 

4. Slope of impervious strata. 



5.. Horizontal distance to a control or discharge surface. 

6, Geometry of recharge area. . ^ , 

J. Rate .and duration of spreading (infiltration). Althpugh most, 
.^f noVall, of the analytic expressions assume a steady supply 
(constant vertical percolation) stixiwn' that seepage 

of a series of intermittent recharges is equivalent to that of 
a sil^gle steady application [42]. 

8. . Estimates of „the evapotranspiration losses for the areas where 

groundwater tables will be near the surface.' 

■ . ■ \ ■ - . ■ ■ 

C.5.2.T l!lfainable Voids 



The term drainable voids is, synonymous with the term "specifi?. yield" 
used in water well- technology. It ts the' ratio of water that will drain 
freely from the materials to. the total volume of the materials. It may 
be estimated from data on similar soils (Table C-5), or more preferably, 
i,t may be evaluated in the laboratory from soil rnoisture data at 
lajturation and 0.3 bar tension on undisturbed soil fragments.. 



» TABLE C-5 ■ ; 

APPf^X'lMATE DRAINABLE VOIDS FOR MAJOR, SOIL 
r - CLASSIFICATI(?fj^ . 







Drainable 


. Material * 


-Porosiliy, % 


voids, % 


« Clay • • 




3' 








Sand • 


35 


25 


* Q.|jj||velly s%r^ 


' 20 


16 


Gravel , 


25 


. 22 



In some areas , of the United^tates, the SCS ha-s investigated the sipil 
profile suffici»ently to providie a reasonable estimate of drainable voids 
09 a* particular si^. An outstanding reference, covering 200 typical 
soils in 2^"* stated, is the USDA Agricultural Research Service 
Prfblicjation 41-144 [2]. This compendium of Isoil -moisture tension data 
gives , bulk, density^ total porosUy^, and saturated v:ertical permeability 
values. It/also/gives soil moisture at 0.1, 0.3, 6.6, 3.6, and 15 bars 
tignsion , for several depths in the soiT profile (down to about 4 ft or 
1 .2 m in many cases) . 



Drainable voids can be calculated as the difference between total 
porosity/ and the volume percent of moistiire at 0.3 bar tension. Other 
important hydrologic computations can be made as well, using the 
relationships, in Hoi tern et alV [43]. dne important factor that was not 
discussed in either Reference [2] or^ [43] was the inherent spatial 
variability , of the basic measurements reported. Ni el sen et al • 
conducted a set of experiments on a 370 acre (150 ha) site to determine 
the statistical . vari_abil i ty ofll many soil properties 'fiiffecting it^ 
hydrologic behavior ' [441. A few of their results, shown in Table G-6., 
should be of value wdeveToping a sensitivity for this variability. 



C.5.2.2 Lateral (Horizontal) Flow 



Horizontal permeability is a more difficult parameter to obtain. In 
field soils; isotr6pic-Condttions are rarely encountered, although they 
are^ frequently assumed for the sake of convenience. "Apparent" 
anisotropic permeabvlity often occurs in unconsolidated media because of 
interbedding 'of fine-grained and coarse-grained materials within the 
profile. Such interbedding restricts permeability to vertical flow much 
more than^ -it does later^aT flow [25]* Although the interbedding. 
^represents* nonhomogeneity, , rather tJidJ^ anisotropy, its effects 'on the^ 



permeabil i ty 
by treating 
conii derable 
re1ati#lliships 
sites* The 
is Wased 
■ by^ . Vieeks 



of a 1 < 

the 
amount' 
between y| 
possible si 
on- fiel d\measu)? 
[4.5]. and^ i n. a' nvl 



claim, wi t h j us t i f i p a ti on € ^ 
observe'd in - any laboratory''-., 
aqui f er . n}|terji al ; . 



STATISTICAL. 




e 0*^ aquifer material, may be: ikpproximated 
/ as% homogeneous but anisotropic'. A 
s available on t'he caTciilated .br measured 
arid horizontal parmeabil i ty for specific 
f'^ratios -vis indicated in table C-7, which 
in. glacvel outwash deposits (Sites 1-5) 
(5i te 6 j'v^by.'Bpuwer. C4p.^:c,.;^£oth authors 
reportetd values wodf^^ be 

fi th srfial 1 : qUanti ti es of. " di sturbed. 

t / •■ . ' .■ ■/>. •■ ' ''^ .. i , , 



HYSIGAL PRQg|p[£SV:gf:^$^^^ 



,^l^s^^*ti^<J^ " to^ff^ ic 1 Qp;t 'of . 



^Moisture ..'fi;t'.' ■. 
; vol•J^T^e.■ 



:^'■^?■ 



72a ;,:.''>-.v1.3^6. ^Ci5;'i^gto4!^?mt 
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■.:Q'.346 :> 



^0:03&- 



o.o|; 



/^^ i^ ^pif^en^^^ if acc\j[ra€^{r% 

' j^*?^ • 'li^^v^r eqii i red .f^' an; ^niTy.s.it , 

#%e6s4ry^^^^ 9.'^:the . m^ny.. f i eJ^^^easUre^^^^ 
^u§ef.ul>"1's:\j:h 

Al^^.u g h 'a U ge r: h 6 1 e mea siJ r emen ts. a r<^ r t al n a fy&^cf Joy : th e» v er t i c al 
coitijiiOnent :J)f ; flpw,^;studi^ "have d€mo/i|tf ated^ 'technique 
,.pr1{narily ^l^m'^'s f'he hcDr^^o-ntaVcompa^^^ sketgh 
of .- the' med«^fei?^nt System vs ibawn in.;|^re,,'C-:?9^ an.d^ tKe^'^experimental 
se'tuo^" is shown i'n,Fi%ure on the^-fact that 

if Vx^^^^ extends b^low the '^ater t'^:^^ ^n'^j^ter i s removed* from the 

.idetermined 

., , .„.,^,.:and the 

height of .water; iTi't^ holie.^^r^i th the' aid of ei 



So^^l^^^^ horizontal 
lIVi^.Tn^l'su^^^^ be 
es eiWi 1 ab.l e y the most 
'el^ iand'^KiTkham .[47]. 



hol^^ (.by buy ing or pumpi:ng);,..t>ie hoTo^ S ratS -detc 
by ;j^he penne^bili;ty of ^-^t^je'^otl; ttlC':efini^rfsri^ 

height of. water; i^'^^^^ holie.^^^i^ the' aid of ertj^^ fo.nnulafe oWxg^na,. 

the p^rm^abyli-^y' i cal.^ al|p; from :measur6^ in t^. Hol^. 

The , total vnfTbw into tB^iho^^^ |maVl duri^rg 4:he' 
period 'of measurement to permit cFlcul aitjfa^^ the s^rmeabil ity based o'n 

an "average" hydraulic head* Thi^ is' u^:^p..2t^^^c^^ . 



•'In the formiil as and graphs tha 
,to be homogeneous and isotro'pi 
technique 'by^Maasland allows 




bee'ri derived, the soij. is assumed 
ever, .a modification of the basic- 
ination of the horizontal and 
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where ^a''=*^a^er hold radius , ni . . _h v - ^ V ''\ " r • 

^. : At = tinje tor yyatei^^to rise yV s'- ■ \ ^*'!* >' 

\-- / Kh ^horizontal p^rtoiHty,'^^ V ■ 'f^ v . V" '^^ ' 4 ^ ' 

A' -^T = depths .^defined M^i Figure G-ig^any ujiits, ■asually,.G#;'- ; ' IS /'• 



'om 



■Of, A „ , . 

• • *s - •?■.> 



If ah kpermeablfe' 1'ayer-is §nGf)untered*5t a ••■.great 'ilept.h--b'feibW"-.tfe 'bcKWQ 
of tlje aoge^ .hpler tte equatio^^ec.o^^ . :-:i!y-- ''^ f 

• * •'> . ^ %^h.- -(•2d-+1^4^^^ ^•:7:.: A^^^^^ - 



:whfere^. '^dV -<JepT:F^-^T|pia^ "fi^ ,7n. ' '•^-^^y^- *:^v" -■^- 



^ v. flEASUf^ RATlbS^HORlkNTAfeli^ 



V,E|TrCAL .fERMEAS jLify 



■■ . • . Effective horizoiitjl ■ . . ' ^- •:.*! 

. , • y^ ■ ni«r38 ■ .-..C'-ZiilJ .■.S4ity.:• 

• -v. ' ■ ■ . ^ u 

■■ ■ .3 ». •* • . s 4.4 . ........ , 1^ 



' 4-, ^ 32I , . ^ .7.0 Gravelly 



5 ■ * 237 . 20.0. Near <aiinal 



".. ^ , - ^ lQ(^?k Irr^gurir sucpession of sand and 

■ • ' ^- W ■ V • §S* gif*3vel layersjfrom K rneai»ure- 
w * <' - ments .fln-fjeld)' . ' ' 

6. 282,.. ^ ^6.0 ■ -..{From^ anilyiis of recharge , 

> ' w flflow system) 

■ . -- ■ - \ ... — - — — : ■ 

^a. Sources: Data on Sites V throi^n 5, [45];' ' data on Site 5 [45]. ' 

1 ft/d = 0.305 m/d - ' . . . ' 

. ' . ■ ''''•■, . ' - . 

• ■ . .; ^ : , 
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FIGURE C-\$,j ' 
DEFINITION SKETCH FOR AUGER-HOLE TEeHNIQUE 
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Charts for both.^^ases wer6. prepared |)y . Ernst and are . avail able Jn the 
text byluthin [4pc,^. An alternate formula, 'claimed to be' si ightly more 
accurate, , has beer/ deVeij|lBd by Boast and Kirkham l50]. - Their equation 
emplX)ys a table of coefficients to, account for depth of impermeable or 
of very permeable material beTow^the bottom of the hole. • 

There are several other techniques fori'^l^^^aj^ 
permeability in the^presence of a water tabled ;^lug tests, *s.u^ 

■ described by Bouwer and Rice, can be .usied to calculate Kh from the 
•Thiem equation after obsenying-. the rate of rise of water in-a weli- 
folT owing an instantaneous ' removal ^-of a volume .of water to create a 

-hydraulic gradient [51]. -Certainly pumping tests, which are already- 
familiar to many engineers, would provide a meaningful estimated Glover ■ 
presents/ a comprehensive discussion of pumping tests, as well as other 
groundwater -problems. -He also presents .example problems and tables of 
the mathematical functions heeded to evaluate iSermeabil i ty from drawdown 
measurements [52]. * 



There are two limitations to full-scale pumping tests. The first. is the 
expense involved in drilling and installatipn. Thus, if a well ,is not 
^already located, on the site,' the pumping test technique would probably 
not- be .considered.- If, an existing production Well fulfills the 
..condi tions needed for the technique to .be val i^d, it should probably be 
used to obtain art e5.timate. However, this estimate may still require 
modification through the use of supplementary "point" determinations,- 
especially if the' site is very large- or if the: soils are quite 
heterogeneous. The possibility .that= the pumping test will- not give 
resulfs representative of the larger area is the second limitation. 



Donnan. and Aronoviij^j developed a te'fhnjqqe using a. small well screen., 
carefully maliufactured td^^a-. set of * stanrdard specifications [53]. 
Because these screens • haffl a constant and reproducible flow geometry 
when 'inserted \)elow tli^va||^ table and pumped, standard curves prepared 
by. the authors coul^;.. be 'used to compute K, from' flowrate.' anti- 
pressure .drop data. - - • --n^. . 



Measurement or horizontal and vertical "permeability may occasionaViy be 
necessary in the absence of a water, taBle. A typical case might involve^ 
the presence of a -cal iche 1 ayer, o> other haVdpan formation near-.the; 
surface^., whicji is restrictive enough to , vertical flow, to result in a,' 
perched, water, table upon application "of effluent. In this case, 
equipment and techniques developed, by Bouwer will permit the^ 
delerminatidn [54]. The required equipment is known as the tempe Double 
Tube Hydraulic Permeability Device. Water levels in the inner and outer 
tj^bi"'" are manipulated -to give as estimate of the OYeral 1' permeability 
which ..is some resultant . of Kf^^ and (more of' Kv ) . The true. 

Value^j^of Kfx. can be ev^luatecl by inserting piezometers -in the double 
tube iystem to measure the true . K^.. can then be computed- 
O.thef'\^'rmethods for measuring K 'in absenc-e" of water table are: shallow 
well 'Bump- in method ( ), a^ir entry permeameter (Ky ) and in- 
filtration gradient method •( ) [4]- . . ' . 



9: ■ . • ' 



C-.5.3 Model s for >Two Geometries of Practical Concern 



Two rechar^/K^^ can %e expected to recur *ffequently in 

practice^ v J involves a rectangular area lying roughly 

perpendicurai^.v. the initial direction of groundwater flow. If the 
length is'^^1^^ the width,, the area can be considered a 

strip- and the Tesulting mound ^will be^ two-dimensional , as shown in 
Fig u^re X-17. . _ . 

The growth and decay of tfie two-dimensional inound is given analytically 
^by teothi^aumann [39] and Marino [55].' Baumann based h\s solution an the 
analogy: cif the flow of heat through a prismatic, i\onradiating bar of, 
lengtf^ L^; with-^a constant heat source v at the origin (X = 0) and 
constant, temperature at X Ld- The exact solution for the stable 
mound at t - is a Fourier-series expansion; however, arl approximate 
solution for the mound coordinates can be obtained more simply from the 



expression 



= ^1^^ ^V-(Ld- X) ' (C-9) 



where- = the average infiltration rate 

i = the slope of the impermeable strata, usually zero 

■ ■ . -..«'■ , ■ - ' ■ 

This, expression allows, calculation of , the mound height at either edge of 
the spreading basin. The maximum henght H ,"Vat the center of: the 
strip, would have to be estimated from tHe geometry^ and the shape of the 
curve near .X*= 0. * . a'' • .^ 



If the spreading area can be readily approximated by a circle, the mo'und 
will be three-dimensional.. The absence a circular, control for 
'lateral flow makes the problem* o.f* defining a stable mound difficiiTt, but 
solutions are available [39\ 56, 57]." Referring^to the definition 
sk:etch shown in Figure X-T8, We solution for the maximum mound, height 
(froiD reference D57]I is 



J 



and the integral above is the .well -known exponential ihtegraVPvalues of 
which, are. tabulated in reference [ii2]. v Graphical solution's to the 
equations of groundwater mound height analysis for several important 
geometries ^ay b6 found in reference [58], a publication of the USDA - 
Agricultural Research Service. \ , , 

.0.6 Control of the Groundwater Table • 



The need for drainage will be' established' through some method of 
groundwater mound ^height analysis or when the natural fluctuations in 
the groundwater table are thought to bring it too close ^to the surface, 
the latter being a judgment of the designer. . For some large. projects 
that do not require a complete system of underdrainage, drainage at a 
few selected locations may be required; ;For other projects,, drainage 
may be required, only-^to prevent trespass of wastewater onto adjoining 
property by subsuif^face fl ow. •. . • - ' ' 

■ 

The / drainage design consists ^f selecting' the depth and spacing for 
placement of the drain pipes pr tiles. As . a frame of Teference, 
practical drainage systems for wastewater appl icatibnswil 1 be at depths 
of 4 to 8 ft (1.2 to 2.4 m) , Sit or>in4:he water t#le,' and spaced 200 ft 
(60 m) " or ifiore apart. Spacing m^a^^^^^ Sbu f^^^^^^ sandy 

soils. . Although closer spacings result in better control oip the water 
table, the cost of moving the 'drains closer together soon b^omes 
prohibitive except for a very few ca^es. . / , ; 

A definition sftetch foj the use .of'ttie Hooghoudt drain, spacing method is 
shown in Figure .C-2T.^ The assumptions of this method a^re as follows 
[49]:, . \ ' • ; ^ : ' 

1. The soil is. homogeneous and -pf permeabil ity K (horizontal 
conductivity). - 

.2. . The drains are evenly spaced a distance S apart. \ v 

.*» " .. . ' . , 

3. The hydraulic gradient at any poiVt is equal to the slope of 
the water table above that vpoint. 

' ■ ' m ^' ' ' ' ' ' ; 

4. Darcy' s law is valid. 

'>..''' ' ^ • * 

5. An/'itTipermeabVe layer underlies tih'e dr^ain at a depth d . 

6. The rate of ^replenishment (wastewater appHcation plus natural 
precipitatiPn) is v - . . 



. . ' , FIGURE C-21 . . 
, DHFINlflOli*SKETC.H FOR DRAIN SPACING. FORMULA 

* ■ . ■ ■ ' ■ ■ 

: , APPLICATION RAJE V. inVh' 

r •] 1 11 I . iv I :| 



SOIL SURFACE 




" * IIIPERII€ABL:£^ LAYER 



1 in./h * 2. 5^ cln/^l 



Omitting all- details . of the derivation^the -final^Sipacing fortnuTa is- 
given as ■ ■ " " - ■ v ■ ■ X. ■ '.■ ' • • 




(C-11) 



where H is the maximun| height of water table aliowable|^above the drains. 

This equation is approximate/ and several niodifica&ns are possible 
and/or riecessari^. ' for particular fiel d situations. ^^^I^^articul ar, the 
value ,of d in Equation C-ll. is only equal to the aptu'ar depth when >t he 
depth is smal 1 . ^ooghoudt devel oped a[ table of "equrval ent" depths fo;r > 
large values of d which are; to be substituted for the actu&^T value of d' 
in Equation C-11. Curves^ based on Hooghoudt'.s\ analysis are available 
i.,n Luthin.^s text [49]. AdditiohaT detail s of .drainage design ■rtay be 
found in luthin and other references' (sl^e Section 0.8) ^ -^^^^fl 
pumped wells have been used for drainage and/or r;ecovery-6f renovated 
effluent when the water table is t6o deepffor thfe use of horizontal 
drains [46]. . • , . ' , 



I 



C.7: Relationship. Between' Measured 'HydraU-lnc^ ^ Actual . 

.r, - .Operating Capacity ; ' ' . \ 'y'' - s '. - 

■ • ■ • ■ ■ ■ ■ ' ■ ■ ■■" . .•.■ £. . .' ' ■ ■ 

■ ' . ■. ■' ■ , ■ ■ •' ■ ,* ' '. ■■ . ■' ■ 

Th^ relationship between .iiieasured^lhydr,aulic' capacity anct actual 
. operating capacity . is an extremely iinportant ^ subjects which is,' 
cdmpli-cated by .tJie fact that meaningfuV data are not general Ty available 
for^ -an^l-ysis. In addition, not every site is hy(#aul icalTy limited^ in*^ 
fact; m.ost sites probably are . noj... I,n many > cases, -loadings are 
•eontrdlled by 'Tmanagenieht approaches,, nitrogeii loadings, or ' other ' 
factors. However, : for sites that, receive relatively "low ' organic - 
loadings (say- less than : 200 Ib/acre-d [224 kg/ha'd] of BOD) and .that , 
.have no other Limiting factors, it'woul(f be signif i"):ant to know the ' . 
relationship, between- the highest hydraulic loadings that. did not cause • ■' 
.problems and the ' .oVigihal infiltration rates measured on ttte soils '• 
before the initial applications, of wastewater' began. Data from several 
.system,s . are summarized in Table C-a, but they are '.from a very limited • 
' cr6ss-sec.tion of soil types and wastewater .characteri.stics , so it would 
.be inappropriate 'to "(^rayv general'-conclusions from them. More data of 
.-this , type are required before a* meaningful pattern can emerge. As. can 
be seen from the ;f6btnotes. only two of. the systems are bei ng -loaded^ at . 
or -near their maximum acceptance rate ..in the absence of. any other known . 
constraints > Such " si tuatiqns make data .interpretation very difficult. ° 
'•At. present, appears tha't. 1 oadi rfg.?^ Tfi the range of 5 .to.. 2.5%; .of the 

' measured infil tratiQn rate wi IT general l_y produce a. sati s f victory resul t 
*in terms of . system- hydraulics, no ot)ier C'onstralnts.existi ng. 'Operating , 
rates reported , in Table . C-8' 'are calculated .using total cycle times, 
inGluding^the time allowed for resting and ^yi-ng-' One further point of - 
■■ interest.^: the hydraulic loading. for the' FHlshing. Meadows pi^oject which 

averages V about 2S% of potential Tnfilticatph. , It is believed that this . 
. may V be .-^he. peak vaTue (as a percentage) a.tf#inable anywhere because of 
the n_early ideaT cc^ditions; at ttie Phoenix test site [24] . ■ . ' 

\." ■ .^••' '■: '■..''.V...' \ ; .TABLE C^8^ - . ''^ \ . .. ■ . 

^. [ .-, . SUriMARY OF. MEaV'ED^ RATtS AND .OPERATING' ■ ' " 

* . • . . '■V^. ■ .RATES FOR SELECTED LAND . AfRfiCAT ION sVs.t^^^^^^^ '• .• . , ■ 

.'^ * ■ ri_ - la . . . . •...»■■.' . , ■' y.- 



S^^t^ir^ So^] 'texture' r^. '^'Infiltration ■•Operating . 

-•.type ■ . Oass, Type, nf wastewater ^ riTte I./in./hv-'rate.v . i.n./h' -j/I, 



^ . .-Slow.' rate. . ■ 'Si.l't.ioam ' ^ V steam peel potato '^ V. ' , 0.^8-0.^^- ^. O.oa^ ' -..- q3.4" r 

• / i^^' '. ■ . .. Loam ■■ ■ Seconcja r^ e f f 1 ue n t mea f pa c k i n,g . 'o . 8- 2 : 1 0 ■ 0 i 03^ ' • ' T . 4 - 3 . 8 

;^ . »Slpw rate'^ . . • ■. Si U. 1 oaa; :' - Se^co.ndary ^municipal ■ ■. > . " 0.2-0.3 f\''.' 0*^01^' ' . 4.0 

■'■••;-Rapi-fj inf.iltrafei'on San'd^ ' J^i^y cool i ng water ''-^ ■f'"*^'.- ^i'i^ 1 4 . 4, . ' / 2.8?;.' ''19.0-31.0 

'Rap'id infiltration-. Prave^ Iji-.^and -Secondary kraft mill 'iv • 26.0-55.0 ' ' , 0.29^' -■' /O.^.l.O. 

} ^ Rap j d i'n/.i 1 1 rj t ipn L'pamy sand ■ Secp.ndary kraf t mil > ? ■ ' •1.5-9. 7' ■ ' . 0.19^ ' . ' 2.0-12.7 

^ Rapid tnfiUra ti Qn Sand gravel " . Sec(5nclary- munici ^{'^5 ' ■ V.'.- 8.p-,.11^8* ' O.SS ' * 4:6-6:.2 ' 



^ 



a. Liffi'i te^ blf poQ.r. dr^ainage (fjigh wJte'^r: table)-. ' *.' i'V- . * • *4 ' ' • '■.■ , ■. 

• .b.- Li FTi ted ij^bi trari ly to .irrigate Jar^ ' . . 

, • tf. Uijmite4>?M^ loacjing considerations: . i J- ' ' *r '. ■ I '■• 

.. .<f; LimitedJ^ffitdrganic loading (biolt^^ic^l clogging problems)-?? T. 
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D.i IntroduC/£ion ' ^ f , . ' 4?^.. ' . * ' 

■ ' .■*'■■ ''J ' ' * • '" ' ' •■ ' ' • ' 

. Becaase Wild ' treatment niust^^^^ to conventional 

Wj^stewateV ' discharge systepifc; in/facfli-ties planhinig, a"" .neecb- exists \o} 
/^evaluate Me relative hea^Ub /fsHs ^associate.d.wi tjj -Und •treatmentVersus-' 

conventibnal syst^s. ;0nfortunate1>i there /lir^ few data^^on,-. Jthis* aspect.^. 
,.$ince| the level ' of enterifc disease in^the'.Uni^ted Stat?^ iV ^^latively'^^ 

low',^' wastewater in ' the United Stat^'s^woir]d be expepted to'contain'^low 
.^leveiy ' Of pathogens compared wit^ that ih marly regions of Asidi '^Africa 

arid /bou-th ^America; ' 'However,^ /the ' continual, occurrence- of ^Wa'l^erB'brne; 
; disease caused by^ waste^teV-contairiiHiated water* in the Uni ted. States ['11 
" indicates ^ that jsufficVent numbers' ; of^^athogens are present to be a 
,,public health 'c<}lncern; . : '<r, .:/ * * . . ' ' 



D.2> Relative Public 'Health Risk 



Sufffcient . da[ta*are not available to show Whether or rfot land treatrtient 
- is., a greater heal th risk than . conventix)nal treatment ahd^di scharge, 
. ^systeijis. . . The 'pauc;i,ty of infQrmation available on diseases, caused by' 
[ v/astewaten- treatment • processes* may. reflect either/ the absence bf a 
. proWem, l^ck of ihtens^ive'sufvefil lance, or the inserfsi' tivlty of 'present- 

epidefniological tools to detect recurrent smaVl-scale incidents of 
.'disease.. U; should be emphasized, however, that no incidents of. disease 

lja.ve been documented from a»ptannedi^ and ^properly"op6r>^ted land trea^ent 
, systecti^. ' • "eomparative eptdemiplogical _ studie? on* human. ,populatT'ans 
^ssocijated. with- conventional^ as wel-1 * as. Wnd treatment- systems are. 
^^.^eeded' to^..^^ and reliably data oh which regulations . 

"^doiild' be basfed.;' Thus., evai.uatioQ- of potential health hazards must f-est 

on . our knowledge of the occurrence of pathogens in wastewater and tfieir 

fate during land^reatment^ " . - " ' 

.D.3 Pathpgens Present in Wastewater . 

... ■ ■ ■ -> y ■ ■ . . : ■■ • 

A large variety . of ^disease-causing microorganisms and parasites are 
.present in - domes-tic wastewater. These include pathogenic bacteria, 
viruses, protozoa, , and parasitic worms. ' The number of 1n'd4vidual 
species, of .p.athogens is high. For example,\ over 100 different types of 
viruses are known to. be excreted in human feces. The ' relative 
" concentrations ' of . these pathogens are highly -variable, being (Jependent 
on -a^nuoiber of complex factors, but pathogens are almost always present 
in untreated wastewater in sufficient . numbers to, be a public health 
concern. Thus, it is necessary to identify and put into perspective any 
potential routes of disease transmission involved in land. treatment as. 



.^'•'^ •••• ■ •. • 

well as /conventional treatment of wastewater so that appropriate 
safeguards can be/ assured.^ It is also necessary to identify the 
relative' risk^ of infection ^or humans and animals from these' an\l other 
sources. • 

V • • , • ■ ' . ' .■■ ■ " ■ . ■ ■•■ 

Most - of . the studies reportetl in this. appendix involve applications of 
'untreated wastewater' (often simply referred to as .wastewater) tq , the • 
land in an. unplanned manner* or deliberate artificial seedirtg of 
bacteria or viruses in high concentrations tto* the soil^ to detejcmine 
their" survival, or movemen^t under various conditions. Because eachfstudy 
had different objectives, types of soil, climatic factors, types of 
organisms,, and methrods of detection, the results^ must be-'interpreted-^ 
accor^lijigly. In citing a particular study for purposes of establishing ' 
safeguards or standards, all of the conditions relevant to tijat study , 
should be defined. In general , safe'giiards shoul d be -establi shed on a / 
case-.by-case basis'so; that the relative' ri:sk of disease transmission in/ 
each situation can 'be evaljuated individually. / 

D.3.1". Bacterid"? \ ' ' ; 

The' most common bacterial pathogens found in wastewater inclikle strains 
.of. Salmonella , Shigella , entergpatho^enic Eischerichia coli ( E. coli; )^ 
Vibrio , ^and Mycobadterium . . ' The genus Salmonella incTudes^ oyer 1 2G0 
different strains, many -of which a're . pathogenic for "bVth man slnd 
animals. Members of' this^tgroup are commonly isolated from, wastewater 
and polluted receiving waters. Salmonella typhi has been responsible 
for incidents of ' typhoid fevfer.ass^ociated with wastewater-contaminated 
drinking water [1] and with' the eating of raw vegetables grown on soil 
\ fertilized with untreated wastewater '[2]; Other members of the^ group 
are associated With paijatyphoixl fever and acute gastroenteritis. 

Shigel'la organisms are the* most ,cpmm6j}ly identified cause of acute 
bacterial diarrheal -disease in the United States [3]. ' Waterborne spread 
•of the' organi,sm§ can cause outbreaks of . shigellosis, commonly known as 
bacillary dysentery, which occur frequently i n "undeveloped countries 'ancj 
occasionally in . developed co.uptrie§. Unlike Salinonella , Shigella 
organisms are rarely found in animals other than man» ^ 



Cholera is caused- by the organism Vibrio qjholerae . in Israel in T970 
cases of cholera were attributed to the practice of irrigating vegetable 
crops ♦ witlr untreated wastewater. This , practice is contrary to 
regulations of the Ministry of Health [4]. There, were no reported cases 
of cholera in the United •.$t a tes between 1911 and 1973, until a single 
case occurred in Texas with no known source. Thouyho'ndividuaT cases of 
cholera may aris'e in international travelers, the likelihood of cholera 
being transmitted by wastewater land appl ication projects ii niinimal . 

■ . ■ • • ■ • ■ » , * - . ■ 

Ml 



i),3.2 Viruses [5] 



•Virjuses, the sniaflieSt -wastewater pathogens; consi'st bf a nucleic -dcid 
genome enclosed in ao^protective protein coat. Viruses that are shed in 
fecal matter, referred to as enteriq viruses; are "characterized b^J' their 
ability' to 1-nfect' tissues In the thro'at arnd 'gastrointestinal tract, but 
they^-are also capable of replicating in other 'organs of the body They 
include the true ^ enteroviruses ^(polio-,. , echo-, and coxsackievJixuses) , 

, reovinuses, ^ adenoviruses,^ and POta,yiruses, ^ as well as the agent of 
infectious hepatitis. , the^'e viruses can- c&u$e a-M/^ide- variety of 
diseases, such asr : paralysis, meningitivS, - respir^atafy . illness, 

. myocarditi^s, 'congenital •h anomalies, diarrhea, eye ^iafecti 6ns, rash, 
liven disease,; and gastroenteritis.. Almost all; of ^hese viruses; also 

.; produce inapparent . or latent infections. , This-inakes it difficult to 
recoghize ' thetti" as\being ' waterboif'rie. Doc^umented cases of .wa^terboifne 
viral/' disease have largely be6n ^.imited' to infectious hepatftjsv^*mainly 
because -of, the expl"5sive nature-.. af. the ^cdses and the characteristic 
nature of lEhe disease. • " » , ' . ' '^^ 



Knowledge of - t^e tfct,ua'l' number; and Concentration 'o 
viruses in. wastewater' ^"sV inadequate, due to lack > of adequate and 
standardized sampling and analytical procedures. l^uHhermo re, the 
methodology^ for ,detecti.rrg and monitoring many of .these agents h.as^not 
yet been ^developed. Th|s prbbably accountjS;^for the fact that 'alraostj 60%' 
of all documented ^ases-of disease ^attributable to jdr-inkiog i^ater in the 
United States has, been reported to &e • caused by agents, as^ yet -not 
isolated' jn the laboratory.; /The . .lack of documentation rqffect^^^the; 
diffiqulty;in sampling, an infectious a^ent invthe carrier at the .time /6f . 
reported*: illness. It must^be borne-in mind that .viruses as a group 4ilre 
,generaTVy more resistant •'to eny^i ronmental stresses and chlorirjatioij -than, 
pathogenic bacteria. ' ' " ' \ ^ ' ■ 



Also present in, wastewater are large numbers. of bacterial viruses known 
-as ebacteriophagfes. \ These vi^^uses are not-^patho'genic^.for man, but they 
have! teen studied as models/for animaV virus ^l^ehavi or because of \t1i 
ease with which ;they' can be detected,. .Hflifcever, It slioul d" hot be as^uijiied. 
that alV' studies using bacteripphages can be d^f^ctly applied to* h\umah 
v-pathogenic viruses. , / _ / . ( v * ' * ^ ' . 

*- •- ■ ■ ' . % •■ • ■* . • ■ . Ita ■ . »■ . • . 

. . D/3.3.^0ther Pathogens \ / . 

\ — ' : ^ ■■ • . .-■^■^ 

l^tozoaos -.pathogenic to man and capable of transmission in -wastewater 

, aK^r Entamoeba t>isto1yticaV the. agent of v amoebic - dysentery ; ^ Naggleria 

griiberr , Wich^ .may cape fatal meningoencephalitis; and Giardia Iambi a. 7 

, vyhidh -cproduces a'^ 'variety of intestinal symptoms. Watefborhe^xases' of 

^Tardia -lagiblia hava increased in the United. States inr recent years .[1 



JPhe \eggs of .sfeveral intestinal paras itic^ worms have been found in 
wastewater and have been shown to be a [>otei1tia1 (jealth probler^ to, 
/ >^astewater treatment plant operators and laborers employed on farms in 
/ India and' East Germany ;where untreated wastewater is used for irrigation 
[6]._ Modem water ;treatmen^ metho^ls have; proved a v4ry effective 
barrier' agatnst 'the waterbdrne .spread of (disease caused by protozoa and 
parasit id worms i/i developed' co\^ntrie's, like. the United; States. 




D.fA Concentration^ ^of Pathogens in Wastewater ' 



EvS^lation of the relative risk of disease\transmission associated with 
. land application of wastewater requires .knowledge of the number of 
pathogens ' in untreated and treated wastewater, as well as the number 
• necessary to cause an infection in man or other animals^ Unfortunately, 
' data or] t'he pemov^al otf'ficqency. of all wastewater treatment methods for 
many pathogens are either' nonexistent ot largely based on laboratory 
studies researchers who may overestimate the efficiency that can tie. 
^obtained" in actual practice '[7]. From currently available information^ 
'Foster and Engel^recht. attempted. to estimate the relative concentratidrfe 
'of pathogens in untreated . wastewater and the' relative efficiency of. 
removal by primary and secondary treatme^nf [7]. The results are shown 
in Table D-K . - • . ' 



- . TABLE D-1 . / 

E.STIMATEq CONCf NTkA'riONS OF WA'SfEKATE^R' PATHOGENS^ 



Number of organisms/gal (-3.78^1) 



Pathogen- 
Blmonella 



Untreated Primary Secondary . ' ■ 

wastewater effluent 'eTfluent .Disinfection^ 



histolytica 

Helmi'nth of a ' ' 

Mycobacterium 

Human entero- 
'virus (poliovirus, 
etc.) 



2.0.x 10^. 1.0 X 10^'^ 5.0 X 10^ 
.3 X 10^ ^.2 X 10^ 
2.5 X 10^ . 2.5 x 10^ 5.0 'x 10° 



, 5 X 10 
1.2 X 10" 



.5 X 10^ . 2.5 x 10' 5.0 X, 
2.0 X Yo/ 1.0 X. 10^^ 1.5 X i^^'^. 1.5 X 10 



5 x^ 10 



^4.0 X- 10^^ 2.0 X 10^ 2.0 X Ip^ 



^ 2 X 10^ 



a. Adapted from Foster and Engelbrecht f 7J. 

b, CocidUions sufficient to yield a*99.9% kill. 

-c. As high as'4 X 10^ per gal f3.78 L) ha^^een repprted [8], 
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Disinfection .'of * wastewater j as.. COTnK)nly pfact^^ to^ay, Is highly 
^• effective in achieving large reductions of bacterial pathogens, but it 
is much less effective against cysts and enteric viruses. For example, 
^ whereas a chlorine dose* of 2 mg/L killed 99.9%' of . the., col i form bacteria 
"in 60 .minutes in wastewater, 2Q mg/L were nequired to achieve the same 
kill' of ' poliovirys [9]. Another complicating factor in carrying pver 
, laboratory data obtai/ied wi th pure' viruses 1;o. wastewater is that 
poliovlruses .,and other viruses are much more resistant- to chlorine if 
orgai\i(; matter' is present [Ifr ].— "NFor theses and other reasons, 
• chlorlnation as practiced today cannot, be relied on'aVpne to provide 
.complete destruction of pathogenic. bacteria and viruses. 

• * ' . ■ ' . '• , . ' * ! ■■-,.> 

■ • ' i > I ■ ■ 

■ . ■ . ■ , ' / ■ ■ . • ^ ->•.,■ . . , ^ 

The 'infective dose (the number of organisms necessary to. cause disease 
: In healthy humane; or animals, some' of whom may haye had ^previous 
exposure);, should also be considered when . evaluating the ' disease 
potential .* ' Infective doses for most bacterial and or*otazoan pathogens 
ar'e .relatively high.^ For instance, ingestion qf IOp'; enteropathogenic 
L: ^ 0^ 11 cholerae , 10^ to 109 Salmonella , atid 10^ ' to 10^^ 

Shigella ' organisms ^are necessary to cause infection in man'X^K :The 
. infective -dose of .a protozoan; such as E . hi stol y ti ca ,1s bel i eved "tb be 
as high as "20 cystsH7].- -the infeCttve dose. for viruses varies wiP the 
type "of virus and.may 'range frofii^T to 102- or more [11 , -12]. The 1-ow.. 
infective dose "^bf * 'viruses^ gives, importance to' even relatively low 
* . co^nceptrations of these agents in water, c - ^' 

< v ' D.3.5 Bacteriological and Virological Criteria for Wastewater' 

/ Reuse . . ' . / . ■ : * 

. ^ v.- -;■ ■ . - :■ . ■ . - •■ . ■. \ ^ 

•"■ ■ . ' • ■ ■ ■ 1 • . .• . ^ ■ , . . 

: Additional research-, is . necessary befora.guidelines based on specrfip, 
/..data can be established concerning* wastewater reuSe'for agricultural, 
. recreational, and potable purposes. Bacteriological standards noW' exist 
,for eachv type of reuse, by t the relati.onship ^of these bacteriological 
- standards' to health Tl3ks;Trom viral 'and otheV waterborne pathogens is 
aihbitrary in all cases! Still', 'these standards shouTd'be conS;idered 
when judging the effectiveness of land treatment for jpathogen reduction 
; and tlie effect on surfaqe'anct subsurface water sQppli.es)^ 

"■' ■ . ' ' . ■ . ' 

The . National Techni-cal ' Advisory* Committee on; Water Quality has 
recommended that, for .v!/aters intended for agricultural use, the monthly 
. average col i form bacteria cdufits should not exceed 5 000/100 mL and the 
fecal col if own 'concentration should be/ less than 1 000/100 mL [13]. 

••-v^ccording to a WorldV. Heal th Organizatibn ;repbrt on the reuse of- 
wa>s±ewat^r effluents, only ' a limited health risk would result from 
unrestricted irrigation' of -agricultural crops if there were less than 
lOQ^oli forms/1 00 mL [14]. The National Technical Advisory Committee 

. , has recommended total coliform limits of less than T. 000/100 mL for 
"'recreational water^". and l/lOO liiL for-drinking wat.er [13]. 
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Because enteric viruses have . greater resistance to environmental 
stresses;, than bacteria, it h?is been suggested that bacterial standards 
'may pot give a realistic indication of the viral disease- risk [5].°. 

^, r- \ ^ ... - - : :;• 

0.4 Bacterial. Survival . . ' . 

To control the dissemination of pathogens among man' and animals 
following land application of wastewater, i t is imperative to know their 
persistence ac«l movement in soil, overland runoff, groundwater, crops, 
^nd aerosols. The degree . of retention by "soil and the survival of 
pathdgens therein will .'ascertain the chance .df pathogen transfer to a 
susceptibl^host. , • • > • . • . 

D.4.T Bacterial Survival jn Soil : . v . 
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-/«The literature is replete with studies on.bacteHal survival in soil, . 
•ynd several reviews a>e available ' [2, 9, 15-17]. Among vaf^ous 
pathogens of man and animal s, ^surviyal in soi 1 " of Brucel la , Leptospi ra . 
Pseudomonas,' E. toll . Erysi'pgl.othrix . Streptococci , Mycobacterium 
tub,erculosis . and avium have bee< investigated, and Salmone.lla in 
particular has' been studied exterisiveTyr-^ Survival of S. typhi was ' 
/ studied as early as 18'89 when it was found to survive" in soil- for 3 and 
•5 months in , two separate studies [18]. Survival times reported ' 
generally represent the maximum pef\od after dosing the sail that a live 
■ organism could still'be found.* ■ , 

... ^ - ■ . ; , ■ ^ ; - ■ ■ : 

•Bacteria may survive in soil for a period varying' from a few hours to 
several months, depending oh the type of organism, type of soil, 
moisture- retaining capacity . of ^oil -moisture and organic content of 
soil, pH, temperature, sunlight, rain, degree of contamination of 
wastewater being applied, and predation and antagonism from the resident^ 
microbial flora of soil. In-general , entet"ic bacteria persist in soil 
for 2 to .3 months, although survival times as long as' 5 years have b6en, 
-. reported [15]. Under certain favorable copditiops^ applied organisms may 
_ actually, multiply and- increase in numbers, iln general , however, land 
treatment using intermittent application and' drying periods results in 
die-off of enteric bacteria retained in the' soil. 

' ■ .. ■ ' .•■^ ' . ■ ' ' ' 

. - Vegetative ■.bacter'i a tend to die exponent! alTy with time outside their 

- host.. The time of survival .of thjese organisms therefore depends on the 
initi-al numbers applied as wel/-as orf the ^sensitivity, of analysis an<j 
; the size of the sample, not- just i)n the adversity of the envirj)nment. ' 

The influence of soil type on bacterial survival is important insofar as 
its moisture content, moisture- retaining capacity, pH; arid organic 
matter- content are concerned. It has been found by many workers that' 
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the survival ot g^ col i , S. typhi / and M. avium is greatly enhanced in 
^.iTioiist.. rather than in dry soTT. Survival tTme is less in si'ancty .soil tha'n 
in soils;, with . greater water-pholding capa'aity, such as moist loam and 
muck/ Bs^cteria survive for a shorter time in strongly acid peat soil 
(pH 2.9 to 3.7) than 'in limestone-derived so.il (pH 5.8 to 7.7). In- 
creasing the pH , of peat soil resulted in extended survival, of. 
enterococci. Bacterial persistence, is related to the effect soil, pH has 
on. the availability of nutrients pr the inhibitory agents present in the 
soil. • 



An increase in the longevity of bacteria in soU is often associated 
with increasedt organic content of 'Uhe sc^l. Tannock and Smith 
demonstrated that, populations af Salmonella declined rapidly when they 
were applied to pastures with wastewater containing no fecal matter, as 
compared .to wastewater contaminated with feces [19]. U^deV naturSiT 
. con^li tions, the buildup of organisms ma(y ' be ,g'r eater in soils with high' 
moisture and high organic, content. ^ . / \ ^ 

Both pathogens .and indicators '^ survive /longer under low wi*riter 
temperatures than in Summer. In one study, i t was reported that Sj^ 
typhi survived as long as 2 years at constant freezing temperatures. In 
fact, the se-lf-cleansing property of soil is slowed down in , the Russian 
Arctic, where winters are prolonged [20]. Microorganisms disappear raord 
rapidly at the soil surface than helow the/ surface, apparently because 
of desiccation, effects of sunlight, and /other factors at work at the 
soil surface. 



Another important factor ts the -competition and antagonism the alien 
enteric bacteria face from the resident soil microflora. Thus, 
organisms applied to sterilized soil survive longer than they would in 
unsterilized soil. Factors that influence the survival .oi[ bacteria in 
soil are listed in'Table u-2. V v _ 



D.4.2'o Bacterial Survival in Groundwater 



\*Pathogenic grgainistns -generally ^rejremoved. rapidly ijjk most soils, but 
they may pass* through coarse materials and , fractured r'ocksj like 
limestone.' Only, limited infonnati!i)n[ is available on the survival, of 
bacreria in grouadwater, and , there 'is wide variation in the reported 
duif^ation of bacterial v viability i/n /underground waters-. It should be 
noted, however, that pathogens are/ expected to sur.vive^ longer in 
grourfdwater .than -or the soil surface because of low temperature, nearly 
neutral pH, absence of sunlight, ana absence of antagonistic bacteria. 
From the few studies that hdve been/raade, it appears that bacteria may 
persist in underground water for months.,., coli have been found to 

' survive up to 1 "OOQ days in subs'oi/l waterV -whereas a 50% reduction in 
numb'er occurred within: IZ'hour's in 'well water [16^]. 
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FACTORS THAT, AFFECT THE SURVIVAL OY mmc BACTERIA ' 
. ' ' , AND Villus ES IN SOIL • ' 



factor 



Remarks 



PH 



Antagonism 
from soil . 
microflora 

Moisture- 
content „ 



Temperatur^ 
Sunlight 



Ofgalilc ' 
V^tter • 



Bacteria 

Viruses 

Bacteria 

Viruses 

Bacteria 
and 

^viruses 

Bacteria 
and , 
viruses 

Bacteria 
and 

viruses 

pact^rla 
and , 
viruses 



- Shorter survival' In. acid soils. (pH 3 to 5) 
than in neutral and alkaline soils 

• Insufficient Sata * 

- Increased survival time In sterile ^soll 
Insufficient data . • • * 



longer survival In moist solTs and.dufing 
periods of high palnfall <lv 

■ ■■ • :. ■■ ■ : ' 

Longer survival at low (Winter) temperatures 



Shorter survival at the soil surface 

' j) \ . ■■ © 

Longer survival (regrowth of some .bacteria 
vihen sufficient amounts of organic matter 
"are present) 



D.4.3 Bacterial Survival - on Crops/ 



At the turn of ^he century, cases of typhoid, f ever \attrit>ute\l to fhe 
eating of raw vegetables grown op ^ soil fertilized! /wi th"^ untreated 
wastewater [2] lied .to ; extensive studies on the survival of ervteri.c 
bacteria on suol) crops.. Some importapt facts atierged from these 
studies: : . ■ . ' : . ^ 



Iha -surfaces of fruits and- vegetables growing in soil 
irrigated with raw", wastewater can be . cgintaminated wi th 
bacteria that are iiot easily removed by ordinary washing [2]. 
Furthermpre, . bacteria can penetrate' broke;n,Vbruisedi' and 
damaged portions of vegetables, but not the healthy surf^'ces. 

Crops grown on fields may' become contaminated directly during 
irrigation with wastewater and "indirectly through contact with 
pollut^tf soil or. field workers. Kruse reported that heavy , 
fainfaTl did not wash away col i forms from clover that wa? 
irrigated with settled wastewater t2lT. , : • / 



3. Bacteria survive longer in dense grass than in sparse grass, 
"and^Jlonger in • leafy veg'eta'bles than in smiQ[Qth. vegetables, 

appaHntly- because of protection from th'fe lethal effect of 
•• -sunlight. Low temperature .and adequate moisture also favor 
: bacterial survival. [2]. / / 

4. Although the length of survival depends on several factors, 
including weather, type of vegetable, and type of organism 

. . present, a period of '30 to 40 days is most common [22]. 



D.5 Vi •'us Survival • V 

Although little information is currently available, studies are underway 
on the survival of enteric viruses i.n soil, on crops, in groundwater, or 
in aerosols. . : ^ • 

D.5.1 Virus Survival in Soil - ^ 

• . ■ . ' . ^ ■' ■ ■ . 

Laboratory studi es i ndi cate th^it virus sup^i val i n soi 1 depends' on the 
nature of the soil , temperature, pH,. moisture, and, possibly antagonism 
by soil microflora. Viruses readily adsorb to spilparticles, and this 
has been reported to prolong" their survival time in aqueous marine 
environments [23]. Such - viruses' bound to sonds are as infectious to 
man- and animals as the free viruses by themselves [24]. 

In studies on the survival,>'f f? bacteriophage and' poliovirus type 1 in 
sand saturated with tapwater and. px.idation pOfld effljjent, it was. 
observed that 60 to 90% of. the viruses'was inactivated at' 20''e within 7 
- days ,[25]. After thi s initial: large kil ly the Viruses became' 
^inactivated, at a much slower rate and pol-ioviruses could still be 
.detected at- .91 days. The f2 viruses survived longer than 175 days. At 
lower temperatures, as many 'as 20%. of the poTiovi ruses survived after 
.175 Jays.. ■ ■■, ■ '"' ■ ' 



Considerable stability and prolonged survival of .se'Veral enteric viruses 
in . loamy 'and sandy loam soils in th6 Soviet Union have been reported 
.[16]. Virus survival was found to vary from 15 to 170 days, depending 
on various environmehta\. factors and the -type of virus. The degree of 
soil moisture had a marked .influence on the - survival time of the 
viruses. In air-dried soils, the viruses survived only. 15 to 25 days, 
but in soil that had a 10% moisture content, they s^jrvived up. to 90 
days.; ' . • 



SulUVan et al. bSve studied the survival of poliovirus type 1 in 
o.utdoor soil plots irrigated with wastewater sludge and effluent during 
the, spring and winter in Ohio [26]. During the winter, some viruses 

X^urvived 96 days in ^ sTudge-inclgated soil . and 89 days fn effluent- 
irrigated soil . During the spring, viruses survived less than 16 days 
in both sludge- and effluent-irrigated soils. The higher temperature 

, ?ind 'solar radiation levels in spring apparently accelerated viral die- 
.off. ■ a>- . , ■ : ■ ,x 



' In -field experiments in Hawaii, seeded poliovirus type 1 at very high 
" concentrations was found to_ survive at least 32., :«iays at the soil surface 
that had 'been sodded and irrigated with wastewater effluents [27]. 

■ • ■ ' •• ■•• . ■ ■ , ' ■ ■ \ "' ■ . . ■ • ■. ' 

From these Studies It appears that viruses survive for times as short as 
7 days or as long as 6 months in soil, and that climatic conditions, 
particularly temperature, have a major influence on survival time.. Some 
of the factors tha^t influence the .survival of viruses in soils are 
listed in Table D-2. ^\ 



D.5.2 Virus Survival in Groundwater 



Enteric viruses can also survive for long periods- of time in water. A 
survey of the literature indicates that enteric viruses can survive from 
2 to more than- 188 days in fresh water [28]*, but little information on 
their survival in groundwater is available. Again, temperature is the 
radst important factor in virus survival in water; surviv.al is greatly 
prolonged, at lower temperatures.^ In studying a land treatment^ite in 
Florida where wastewater was being applied to a cypress dome, Wellings* 
et al. were able to detect enteric viruses in monitoring wells 28 days 
after the last application of wastewater to the surface [29]'. The wells 
were 10 -ft (3 .m) deep and the lateral distance was 23 ft (7/m). It- 
should be noted that. periods of heavy rainfall preceded /virus .detection. 

^ . ■■ ■ ^ ■ 

D.5.3 Virus Survival on Crops' * * 

Generally speaking, virus survival on crops uader field conditions can 
be expected to be shorter than in soil, because the viruses are more 
exposed to deleterious environmental effects. " Artificially seeded 
viruses have been shown to . contaminate vegetables and forage crops 
during sprinkler Irrigation with wastewater [30], although this is 
undoubtedly a function of irrigation practices. The most^ommon type' of 
•contamination occurs when wastewater comes .i,n contact with the surface 
of the crop. Tfiere is also evide.nceV that, in rare ! ^events, the 
translocation of animal viruses from the-^roots pf plants to t+ie aerial 
parts can occur [31]. However, in general, the pathogens associated 
with municipal wastewaters do not enter the plant substance. A number 



. *of factors, such as simlight, temperature, humidity, and rainfall, are 
known to affecT; virus pers^istence on vegetation. There i's also evidence 
-that virus survival var7^^s with the type of crop. ; * 

Larkin et al. studied theijiersistence of artificially seeded polioviriis 
type t after-- sprinkler irrigation of wastewater onto lettuce and 
radishes during^ two growing seas^s in Ohio [30]. The viruses survived 
, on; these vegetifcSrs from .14 to 36 days after irrigation under field 
conditions, although a 99% "loss in detectable viruses was noted during 
the first 5 to 6 days. In Israel, the .surfaces of tomatoes and parsley 
were ^contaminated wi th. oxidation pond effluent cbntainincf poliovi ruses 
and then exposed to sunlight [32]. No viruses were detectable after 72 
hours on the surface of the vegetables. Sunlight was believed to be a 
major factor ^ because massive inactivation of viruses occurred when the 
solar energy exceeded 0.35 cal/cm2-min/ Thus,' virus, survival is 
probably minimal 'on the parts of the plants that receive direct 
sunlight, but prolonged survival could be expected on the moist, 
protected parts of plants. Animal viruses readily adsorb to plant 
roots, and some investigators have reported that viruses apparently 
penetrate the surfaces of roots, resulting in internal contamination of-^ 
the plant [33]. .No info'rmation .js currently available on the survival 
of animal viruses within* the edible parts of plants. 

It also should be pointed out that once the crops, are harvested, viruses 
can sur^vive for i prolonged periods of time during commercial and 
household storagej at low temperatures.. For example, poliovi ruses and 
^coxsacki evi ruses >artifici ally applied on the surfaces of vegetables have 
survived for more than 4 months in a refrigerator [3f4]. 

] * ' • ■ ■ ■ • ■ " ; ■ '-l-^ ■ 

D.6 Movement and Retention of Bacteria in Soil . 

.■./-. 0 * •■ 

" ' . ■ ■ ■ - ■ ■ ■■ . \ ''\ ■ ■ ■ 

Once pathogenic bacteria present in wastewater are applied to the land, 
it is necessary ^tp know .to what extent they are retained by the soil. 
This is importarj^t in order to determine if, and to what extent, they are 
capable of contaminating groundwater. / 



D.6.1 Laboratory Studies 

Pathogen removal is a function of characteristics of the soil, such as 
particle size, particle shape, and surface properties, as well as 
aggregation and packing of soil particles. Most bacteria appear to be 
removed after brief passage through heavy-textured clay soils and 
•consolidated sands as a result of< filtration and adsorption. In 
contrast, bacteria can travel lonj^Br di stances through highly fractured 
rock, such as limestones or basalfs^^ . i 



Wastewater bacteria are effectively removed , by percolation through a few 
feet, of fine s6il by the process of straining at the. soil surface, and 
at 'intergrain contacts, sedimentation, and sorption by soil patfticles.. 
Adsorption of bacteria to sand depends on pH and zet^i potential ' of the 
soil ^nd is reversible. Factors/ that reduc^e the repulsive forces 
between the two surfaces, such as ^he presence of cations, would be 
expected To ^ allow closer interaction between them andtallGw afSsorption* 
to proceed. 



Adsorption plays a more important role in the removal of microorganism^ 
in soils containing clay because- the very srnall/size of clays, their, 
generally pi aty shapes, th^ occurrence of a large surface area per given 
volume, and the .substitution of lower vale/ice metal .atoms in their 
crystal lattices make them ideal adsorption si tes* for bacteria in soils 

' As a result of mechanical and biological straining, and the, accumulation 
of. wastewater solids and bacterial slimes^ an organic mat "is formed in 
the top 0*2..in, (0.5 cm) -of soil . This mat is capable of removing even 
finer particles by bridging or sedimentation before they reach. and clog 
the- original ^soil surface.. Butler et al. Observed the greatest removal ' 
of bacteria on the mat that formed on the'^soil surface, followed by a 
subsequent buildup of. bacteria at lower levels [36]. Their; results^ 
indicated ' that a limiting zone is slowly built up in the soil and thafr 
its depth below tlie surface depends on the riature of the liquid applied* 
and the • surface treatment of the soil. Under various., operating 
conditions studied, this zone occurred at 3.9 to 19.5 ir^ ilO to 50 ,cm). 
below the soil surface ,atid was not' related to the paKicle size of the 
soils studied. . '\ 



Other complex and. interlocking factors determine the distance of travel. 
Generalizations ' are difficult, but movement is related directly to the 
hydratyliC; inffl tration rate and inversely to the particle s'ize of the 
soil and to the .concentration and c'ationic composition of. the sol ute. 
Retention and "subsequent survival also depend on the rate of groundwater 
flow, .oxygen tension,, temperature, and availability of food. 

• ■ ■ /.'"••.• • ' . ■ ' ■ ■ 

It IS apparent from the foregoing discussion that the upper layers, of 
the soil are most' efficient for removing microorganisms. Once these 
organisms are retained, the. primary consideration is the length Of their 
survival in the soil matrix, where they' are inactivated following 
exposure to sunlight, oxidation, desiccation, and antagonism from the 
SQiH microbial popiil a ti on. s ' 



D.6.2 Field Studies 



Tlje first major field studies on bacteria removal during 'wastewater 
percolation through soil were, perfarmed at Whi tt^e^YIWd"^j^zusa, 
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California. At Whittier, coliform concentrations were reduced frjim ' 
110 000/100 mL to " 40 000/100 mL after percolation through 3 ft. (0.9 liji). 
of 'soil in 12 days, and none appeared at greater depths. When. treated 
wastewater effluent containing 120 OOO orgahi'smsr/100 mL was allowed. to 
percolate in Azusa soil, the percolates productftf at 2.5 and 7 ft.(0. 75 
and 2.1 m) contained 60 organisfns/100^ mL [17]. ' At Lodi , California, 
col i form 'levels were obse-ryed to decrease b^Tow drinking water standards 
within 7 ft (2.1 m) of the surface when und.isinfected. wastewater 
affluent was applied to sandy loam sail, but in ojie case, col i forms were 
detected at a depth of -13 ft (3.9 m) -[160. . V 

In a thorough study at the^ Santee Project hear San. Diego, California, i t 
was found, that most of the bactepa removal occurred wittiin. the first 
200 ft (60 m) of horizontal travel , -wi th li ttle addi tional removal " 
occurring in' the next _ 1 300 ft (390 m). Thfe . median value of fecal ' 
streptococci in the oxidation pond effluent was 4 500/100 rat, while 
median values from wells at 200 ft (60 m) , 400 ft (l20 m)^ and 1 500 ft 
(450 m) were ,20, 48, and 6.8/100 mL', respectively. The medium consisted 
•of coarse gravel and sand confined in a river bed. 

Ate the Flushing Meadows Project near Ptroenix, Arizona, wastewater (with 
Id to 106 coliforms/100 mL) was applied to infil trati op basins that 
consisted of .3 ft (0.9 m) of fin? loamy sand underlain by a succession 
of coarse sand ^ and gravel layers- to a"* depth of 250 ft (75 m) . Wi th: a 
wastewater i nf il tration rate of 330 f t/yr (99 m/yr) ,, the^ total col i forms 
decreased to a level of 0 to 200 organisms/10,0 mL at 30 ft (9 m) from 
the point of application when basins were inundated for 2 weeks followed 
- by a dry period of 3 weeks. When 2- to 3-day inundation periods were 
used, however, the total col ifomi' levels were reduced to 5/100 mL, a 
reduction of 99.9% [16]. 



6. 3 Potential for Groundwater Contamination 



It is generally believed, that percolation through a porous medium, such- 
as 5 to id ft (1.5 to 3 Ifi) of continuous fine soil, removes : most 
bacteria. This removal, however, has .its own limitations.' Different, 
soils have different capacities to ;remove bacteria. 'While pathogens may 
be removed rapidly in most soils,' they may reach groundwater in regions^ 
where subsurface fissures are common. Adequate site investigation would' 
show the presence of areas with fissured subsurface geology. ■ 

Although land treatment systems hav.e never been implicated as a cause of 
diseases due to contaminated groundwater, it would seem ^prudent to 
maintain some type of surveillance in high-risk areas .to establish 
travel of pathogens throug,h the soi 1 . 1 1 shoul ^ be noted that bacte.ri a 
do not .travel significant distances i n a-l 1 di recti ohs from a 
concentrated source, but are carried only with "the groundwater flow. 
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D.7' Movement and,Rgtenti*bn«of Viruses -in Soil- ■* ' • ;!| ■ 

Unlike bacteria, wher^ filtration at the soil -water interface appears to 
be the main factor, in .limiting movement through the.soil,. adso'rpti on is' 
probably, the predominant fadtor in, virus removal by soil. ThuL factors 
i nfl uenci ng adsorption phenomena wi 1 1 determi ne not only the /ef f i ci ency 
of short-term virus" retention but also the long-term behavlbr/ of viruses 

• in the soil.^ Ji ruses are composed of a^nuc^eic actd -Core ^ntased in a 
protein coat, and thus mimic the colloidal characteristics' of p^roteins'. 
It- ;has been shown • that adsorption bf 'Such hydrophil i /colloids is 
strongly.. i-nf-luenced ^y the pH of the media, the presence of /cations, and 
the lonizable groups on the vi rus' [37]. . ' ' • 

The pH is of considerable importance rel active to adsbrpti/on. At the pH 
aj which the -isoelectric point of the vTrus occ'urs,'the net -eTectric 
charge is zero. The virus has a positive charge below ithdr isoelectric 
point, and a n,egative charge above the isoelectric fiair/t. ^•Viruses are 
strongly negatively charged at high pH levels and ^^rbngly positively 
charged at. Tow. pH levels. The isoelectric >H for enteric- vi ruses is 
usual.ly below: pH 5;. thus, in the pH range of most soil/s, enteroviruses 
as well as, .soil particles retain a .net negative char^ge. : In genejal 
•virus adsorption to. surfaces is elihanced at" a pH below' 7 and reduced at 
. a |5H above .7.1.38]. . It- is important to note that, virukes once adsorbed 
to solids . at a low pH are readily 'desorbed by a^Vfse irt pH. 

While the" actuaV mechanism of viral adsorptiion to solids is not known 
two general, theories have - Been proposed. Both an; based on the' net 
electronegativity of the interacting particles. • Carlson et al. found 
that in solution bacteriophage T2 adsorption to comnon clay particles 
was . highly- dependent on tKe concentration and type of cation, present 
It was shown that maximum adsorption gf.Tt wa^ about 10 times* 
greater for -a ■ divalent- 'cation than *a monovalent cati-bn at the same' 
concentration^ in . solution. In addition, no , definite' relationship 
between^ the degree . of 'virus adsorption to clay p^srticle and 
electrophomic mobiljty was evident. . This led Carlson^ et al^ to 
conclude t^hat a clay-cation-vi ru^ bridge waS operating .to link the two 
negatively charged particles, v Thus, a reduction in cation concentration 
results , in a- breakdown ; of the bridging effect and dssorption of the 
•viruses. They also demonstrate'd. that organic matter in solution 
competed w;th viruses for adsorption kites', resulting in decreased virus 
adsorption or elution of adsorbed viruses from the clay. ' 

From the foregoing analysis,, it can be concluded that virus adsorption 
cannot be considered a process of absolute immobiTization of the viruses 
from the li quid, phase. . 'Any process that results in a'breakdown of virus 
association with solids will result tn their' further movement through 
fw.rous media. • . . 
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d J^y Laboratory Studies 

V . .' . ' ^ 

\ . • ' ' ■ . ■ ■ • ' . . ■ « ■ . _ . . 

Laboratory soil column studies on virus removal have demonstrated that 
most of the 'viruses in wastewater . are removed in the. top few 
centimetres, but work has been' limited to only a few soil types, and 
broad • generalizations on vi rus removal cannot ber'vmdde at present. 
Presently, no existing' models' are avai Table to quantify vi rus behavior, . 
but with additional research on the-niechanisms of virus adsorption- to 
^olls, predictive models on virus removal efficiency may be determined ; 

for land treatment sites. . , . • • ^ 

• ■ ■ ■ ' I '4 ■ '■ • ■ ■ ■ 

■. '■ ■■■ ■.- ' ' . ■ ' ■ ■ ■■ " ■ 

Drewry and Eliassen, who jserformed some of th-e earliest work on virus" 
movement through soil, conducted experiments with, bacteriophages and < 
nifie different soi I5. from Cal if orni a and Arkansas [40] . Batch tests 
indicated that virus adsorp^tjion in "distilled" water showed typical 
Freundlich isotherms, indicating th^t physical adsorption was taking 
place. The> .effect of the pH, of the soil-liquid slurry on yirus 
adsorption for five California soils; is shown in . figure D-l.^ ' Virus^ 
adsorption was found to decrease at pH values' above 7 because of 
increased ionization of ; the carboxyl groups of the virus protein and. 
increasing" negative charge' bn the soil particles. In most soils tested, 
virus ;adsMya1cion injreased with increasing cation concentration, but in 
some^soils^^^ effect Was observed. Other batch studies indicated that, 
in gbnera.l, virus ; a5sorpt\on by soil' increased with lincreas'lng ion 
exchange .capacity, xlay content, vOrganic carbolf\,/^nd glycerol -retention 
capacity, but exceptions were^^found with at least one. soil type. In 
studies in whith viruses suspended in distilled water were passed 
through ; columns of 16 to 20 in.^.(40 tb 50 cm) of sterile soil , over 99%' 
removal of thV viruses, was observed. Radioactivity tagging experiments 
indicated that most of the viruses were retained in the top 0.8 in. (2 
cm) of the column. 

■ . •■ ■•■ " •■ • - ' ■ ■ ■:. . , " 

This pattern of virus removal has been fouridnto be similar for both 
bacteriophages and animal vi ruses^ although* in . some soil s bacteriophages . 
appear fo be removed more efficiently. * . . 

■ - ' . . ' ■ ■ . . . ^ ^ • ' ■ . 

Laboratory studies also indicate that rainfall 'can have a dramatic 
effect , on the migration of vi ruses through soil [4l,]. Alternating, 
cycles of rainfall, and effluent, application, result .in ionic 'gradients 
that enhance the movement of virus. Rainfall reduces . the ionic 
concentration of salts 'in' the soi Vafter wastewater application. Such, 
changes in ionic strength have been Tound to be closely linked with th^. 
elution "df- viruses, near the soil ..surface [41]. This is seen as a burst- 
of released :Vi ruses in soil columns whein the specific conductance of the 
water v in" the soil col umn • be.gi ns to decrease after the application df 
rai nwater • ( simul ated i n the 1 aboratory by- the use of di sti 11 ed water) • 
■This same elution effect; can also be seen if a rise occurs in the pH of . 
the water applied to the surface of the soil; that is, a rise in pH . from 




7.2 to 8 o»! 9 results in. the. elution of viruses adsorbed to soil [41]. 
' Viruses \ are also capable of elution even after rematning in. columns 
.-saturated .with wastewater for long'periods of time. 

' . . ■ r FIGURE D-1 ., , ^ ■ 

' . . . . * » * . «' ♦ 

VIRUS ADSORPTION BY VARIOliS. SOILS ' * 
' . AS A FUNCTION OF pH [40J " 
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Studies by Lance et al. have indicated that certain management practices 
may prove useful ia limiting virus migration through soil L42]. Using 
98 in. 1250 cm) . coluirfns of sandy loam soil, they found that many' of the' 
viruses eluting near the soil surface after addition of 4' in; (tO cm) of 
distilled water were^ later adsorbed near- the bottom of the column and 
that migration of the viruses coiild be minimized if the columns were 
fJooded |/ith wastewater shortly after the simulated rainfall. In 
a'dditioaV' allowing, the co,lujnns to drain ( i ,e., soil nof saturated with 
effluent) , for. at. lea.sf 5 days before application of the distilled water 
resulted in no apparent virus movement through the soils- T'his led the 
authors to suggest that if a heavy rainfall occulted at a land treatment 
site within ,5 days after application' of. wastewater, the area could be 
reflooded with wastewater to restrict subrsurf ace virus migration through 
•the soil . ^ 



These same authors also found that flooding of soil, columns continuously 
for 27 days with wastewater seeded with approximately 30 090 infectious 
units (plaque-forming units), of ppli^irus/mL did not saturate the 
adsorption capacity^^f the .top few centimetres of "^soil . ? Removal of 



'^^^^v^ruses below 1^1^; 2^^.^i^^ depth coiild be expressed by the following 



where C,, .= 



k = 



A dC„ 



(D-l) 



virus concentration '. detected at any . depth in the column - 

b6low 2 in./(5 cm) , PFU/nl, A . ' . . . . . ■ • 

cblumn depth, cm X ' . ' 

removal constant ' \ ' • •. , 



In ^he sandy loam soil u^ed in these: exppr\iments/ k^ w to be 

'eqillal to 0.046 cm-l. \ ! ::r / , . 



D.7.2 Field Studies 



Field "Studies on viruS/V tra.yeL l^hrough soil hav6 been hampered until 
-recently by the la'clc of tefchniques necessary for ^the concentration of 
viruses from ..large volumes of water. This .was,^^^ limitiaition of 

the' few early studies-, such 'as the onfe at^the"^^^^^ on virus 

movement 'in groundwater. ' . ■ 

•At the Santee Project near-S^^^^^^ Cailifornia, attempts were made to' 

isaUte viruses, using^^wab/;?^^ from observation\we1l3 located 

200 tO; 4C)Q ft' (60 and 120 m]^^^ wastewater infiltration site [16]; 
Viruses were never isolated fronj' the wells-, even after larger amounts, of 
vaccine strain polibviruses were seeded into thevwastewater^percolati oft 
beds.- ■ ' ' ■ ■ '.A . ■ 



Viruses were studied at Whittier Narrows, California, during. th4 time of 
the Sabin polio vaccine program [17]'. .Phe one to. four litre' collected.^ 
samples showed. cohcentraj:tons. of 102 to 252 plaque- forming unitV(PFlJ) 
per' litre in the applied effluents., but'no viruses- were detec-red after 
passage through 2 ft (0.6 m) of soil. - All plaques in the^^pTied 
effluent were identified as a polio type I'll. ( ^ 

Recently, Wei lings et al. reported on the 1;ravel of viruses thro)jgh 
at a wastewater Veclariiation. pilot project near St.. Petersburg, Florida. 
[43J. Alt a .10'" acre (4 ha) site,, chloh'nated secondar^y ef f liidrit was 
applied by a sprinkler system at. the rate of\2 to 11 in./wk' (5^to 28 
citi/wk). The solV consists of Immokalee sand with little or no sir>t or 
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clay. On one side of the test plot, an 'underdrain of tiles was placed 
at ■ a depth . of 5 ft (1.5 'm) on tdp of an organic aquitard. This 
subsurface drain directs , the percolated waters tijrough a weir where 
gauze pads were placed for -the collection of viruses. Both polibviruse^' 
and echoviruses were isolated, from the Veir water, demonstrating that 
viruses .must "survive aeration and sunlight during spraying as well as 
percolation through 5 ft. (1.5 m) of §andy soil. Viruses were also 
isolated in wells 10' and 20 ft (3 and. 6 m) below the soil surface when 
50 to 150 gal (189 to 567 L). of percolate were sampled; Nc viruses were 
detected in these wells for'' the first 5 months of the study. Only after 
two heavy rains was poliovirus,type I isolated. The vj ruses were first 
detected in the 10 ft (3 m) well and some time later appeared in the 20 
ft ('6- m):;yi/ell, indicating that viruses were migrating though the soil. 
The authors' reasoned that the high rainfall resulted in a large increase 
in the soil-water ratio, which led to increased solubility of portions 
of the- organic layer and thus Resorption of attached viruses. The 
ob-servation of viruses as a "burst" after the rainfall was cited as 
evidence I that, the rainfall was responsible for the presence of viruses 
in the wells. ? * ' ^ -: 



This same group of investigators also reported on the detection of 
viruses .in groundwater after the discharge of secondary effluent into a 
.cypress dome in Florida L29]. The soil [jnder the dome consisted of 
black muck • and layers of sand and clay. Viruses were isolated from 
wells 10 ft (3m) deep, again- after periods of heavy rainfall. The 
viruses had traveled Tat'era'Hy 23 ft (7 m) in the subsurface to reach 
.the observation, wel'ls. Another important observation made during. this 
•^tudy that is not generally recognized is the failure to detect fecal 
coliform bacteria in the well samples found to contain viruses. • 



A- virus' study was conducted at a rapid infiltration site at Fort Devens, 
Massachusetts, where primary effluent was applied. Very high 
concentrartions of viruses were added to the effluent. Virus travel 
through the very coarse sand and gravel was observed [44] 



In contrast to*" these findings, field studies at the Flushing Meadows 
rapid infiltration project near Phoenix, Arizona, indicate limited virus 
movement/ through the soil [45]. At this site, basins in loamy. sand are 
underlain at a 3 ft (0,9 m) depth by coarse sand and gravel and are 
intermittently flooded with secondary effluent at a/i average hydraulic 
loading rate of 300 ft/yr .(90 m/yr). Although ■viru'ses were detected in 
the wastewater used to flood the basins, no viruses were detected in 
wells 20 ft'(6 m) deep, located midway between 'the basins. These 
results indicated that- at least a 99.99% removal of viruses 'had occurred, 
during, travel of secondary treated wastewater through 30 ft (9 m) of 
sandy soil --20 ft (6 m) vertically and 10 ft (3m) laterally. The lOamy. 
sand at this site may. have resulted in better conditions for virus 
removal than at other land treatment sites studied to date (see 
foregoing di scussiofl of work by Lance et al. [42])'. " 



Dv7,3 Potential for Groundwater .Cohtanitnatidn; ^ 

the results of . recent ftel*d and laboratory studies, reviewed: in the - 
previous .. sections . "of this appendix -indicate that, under certairr 
conditiphs, enteric viojses can * gain entrance into groundwater. The 
type land treatment^ system," climatic conditTons, soiT type, and"" 
pbssiB^if; ma pVactices of ./soil .flobdipg, ' appear to, be. the . 

dominant' factors in control li rig /'virus migration through soil • . The 
qreatest danger to groundwater appears to be vin areas that, receive high 
periodic, rainfalls, which 'allow adsorbed viruses tq be eluted as a 
"burst!: or a wave : of infectious particles/ JJinited. research. resuTts ' 
Indicate that' flooding sites with wastewater after a rainfall may limit .. . 
virus removal , .but much- more work needs to be dbne'in this area before 
sUcli practices can be recommended. Some factbirs /^{hatT- s'hbulid be • 
eonsidered when evaluating a site for the p^otential pf groundwa^ter 
contamination by vi/uses are 'shown in Table D-3. ■>• 

• ; TABLE D-3 ^ 

FAPTORS THAT INFLUENCE THE MOVEMENT. OF Vx^^^^^ IN SOJL • . 



Factor 



R^nia rks 



Rainfall Viruses retained -near the soil surface may be eluted 
after a heavy rainfall because of the establishment 
of ionic gradients within the soil^column. 

•pH- ^Low pK favors virus adsorption; high pW results in • 

elution of adsorJ}ed virus.' 

Soil ' . . Viruses are readily adsorbed to clays under appro- 
composition priate conditi^ons and the higher the clay content of 
the- soil, the greater the expected removal of virus. 
' . Sandy loam soils and other soils 'containing organic 

. matter* also are favorable for virus 'removal . Soils 
with a low surface area da^t achieve good virus 
■ removal, . . i'.! ' 

Flowrate As the flowr'ate increases, v.i^w^ removal declines; 

but flowrates as high as 32 Ma^: /g.6 m/d) can 
». result in 99.9% virus removciT^rdYtier travel thi^ough 
. 8,2 ft (2,5 m) of s^ndy loaiTi«soiri: ^ 

^ . '■ ■ ■ - ■ ■ ■ ' ■ '.^ ■ 

Soluble -. Soluble organic matter competes with viruses for . 
organics' . . adsorption sites on the soil particles, resulting \ 
in dedreased virus :adsorf).tfpn pr^even elutioi> of 
' 'an aT.ready adsorbed virus.. 'D6fini*tive informa- 
tion*i5 st^Kll lacking for soil systems. 

Cations ^ The presence of cations usually enhances • 
the retention of viruses by soil. . 
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- D.8 Votentlal Disease Transmission Throjjgh Crop Irrigation 

Jhfi type of 'crop, (vegetation) and "i rrigatioh practice determines the 
••.extent of crop contamination and plays a significant roVe in the 
evaluation of he/iUh risks following land treatment. - Wastewater 
Irrigation; of fodder and fiber crops presents the"le'ast health- risk, 
•while irrigation of food crop's, particularly, those eaten raw, poses the 
greatest potential ri.sk. For clarification, the term crop . is used to 
include all vegetation that forms an 'integrlil part of t^ve, waste 
'treatment system. Thrs includes .grain, seed, fodder, and fiber crops. 
Sprinkling .and flooding wet the,|low-growing vegetatfon .as wel 1 Ss'the 
soil, but dijf^ect. contact betwee,i^- the. wastewater- and, the vegetation .fs 
.-.avoided by th^ use of subsurfaceirrigation or the flooding technigues.. 

The. greate^t^ heal th concern J^^ with- low-growing ' cropsV such ' as 
- vegetables, which, have a grea:tlr chance, of contamination ^nd are 'often- 
eaten raw. - Contamination of orvfhar.d or other crops whose ^^dible portion' 
does not come into contact wit# the soil ■ or wastewater during irrigation 
would be expected to be small/ 



■ Although .'bacteria do ,,not enter healthy and unbroken' 'surfaces " of - 
vegetables, they can .penetrate broken, bruised, and^ unhec(/ltV plants and 
vegetables., pnce vegetables are contaminated, ' they are not easily 
decontam-ihated by' rinsing with water or disinflc'tcint. Therefore, it 
appear*fe that a greater risk is associated with truA'.and garden crops' 

^ grown with wastewater and " eaten raw than with vegetables eaten only 
'after cooking or processing. ' 



D.8.1 Limitations on'Crop Use 



r 



Diff^renrt standards • have been put forward regulating the use of land 
treaitment ; of wastewater. The states of California and Arizona were 
among, the first to promulgate, such standardsT^AVbitrary waiting periods' 
are., .sometimes imposed on the use of crops grown on treiated land. The 
revffiws ;by. Rudolfs et aT. L15J, Krishnaswami [46], and Geldreich and. 
B.brdyier |;47] are interesting in this regard. Some limitations on crop 
use put forth by these authors and others are summarize'd as. follows: 

• . • ■ 

■ / ° ■ 

1. Crops that are eaten after they are cooked, or industrial , 
.crops that are eaten after satisfactory^processing, may be* 
i rrigated .with treated wastewater. - 

. 2. Oxidized and disinfected, wastewater effluent may be used to ' 
irrigate, fruit and vegetable crops. Vegetables should not be 
sprinkler irrigated for 4 weeks 'prior to. harvest. • Similarly, 
. . application on pasture and hay shoul d stop 2 weeks before 
. pasturing or harvesting. (This also provides a drying period 
for fa% equipment access.) .• 



Reclaimed water *ied for the surface -or spray irrigation of 
fodder, fiber, arid seed crops shall have a level of quality no 
less, than that of primary effluent. * 



D.8.2 'Risks tjo Grazind Animals 



liic 



^ary. preappi it at ion y treatment limitation's are usually imposed on 
lastewater-irri gated land to preserve aesthetics, to minimize health- 
*isks, and /to protect /crops meant -'for human consumption, but it is- 
e'ijually unaesirable- to i/nfect animalSi; A number of cases of disease in 
aniinals have been - attributed -to their unintentional exposure- to 
jifastewa^ . ^ bu Jt. . rel ati vely J e\s |s Jcnown abou t the risks , to .anijna^l v 
grating on pastures i^rijgatpd vith was^t^ use pf uintreated 

wasta^/ater; for the irTTt^ation of grazingrland has been practiced on a 
largev scale in Europe and Australia. "The use of treated wastewater for 
theyirrigation ^f grazing lands. has also been practiced in the United 
States (see Chapter 7, Sections 7.2 and 7.5), for many i^ears, with' 
seehingly little threat to the health of farm animals under normal 
conditions. V However, the transmission of clisease to domestic'.animals 
fromV wastewater-Gontaminated water and pasture has bieen knbwri to occur 
[48-50],^ and carefully controlled experiments and field data need to: be 
compJHed to develop effective guidelines. i - ^ ^ 



ether or . not ahijnals grazing on a*.>rfastewater irrigated pasture will 
ecome infected may" depend o^ many factors, including^persistence arid 
oncentratio^ of pathogens, the health of the animal's, and the interval ^ 
b^^tvTSen Tndgati ^ and . grazing. • Preventing, grazing on pastures " 
iipediately >after flooding with wastew^er wiTl allow time for^- 
reduction in the levels of any pathogens applied. Most 
bc>cteria\ and Viruses are quickly- inactivated during 
afld when exposed to sunlight.*^ . ! 



.Significant 
pathogenic 
desiccation 



In cases of salmonelldsis in a dairy herd, the source of infection was 
found to be rye cdntaminated with domestic. ^wastewater effluent 
overflowing onto grazing land. In this study, BicknelV isolated'!^ 
aberdeen from. 22 cows, wastewater, materials inside thie wastewater 
pipeline, pond mud, a cess pit, . and dung in the farm yar^d [55]. 
Nottingham and Urselmann found S. typhimurium in pasture soil, at a farm 
in Mew Zealand where acute salmonellosis- had occurred during the 
preceding 9 months [48]. , , i . .. 



Risks of infection among animals are not limited . to Salmonella . 
Pseudomonas aeruginosa , Mycobacterium tuberculosis , and Leptospira 
organisms, may exi st in waste appl ied to pasture and may presents a risk 
to the health of dairy cows and carlves, but no documented evidence 
exists .at present ..tOgindicate.that a risk exists. Calves that grazed 
.pastures' to which 10 S^ dublin orgariisms/mL of slurry had, been 
iapplied on the previous day becamfe infected, -but, no infections resulted 
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when the contaThi nation rate was -^ decreased to 103 ..organi smS/mL o^" 
slurry [511. These .limited results indicate that Salmonella may only be ; . 
a / c;ohc0rn --in unjjsual circumstances when hi^h concentrations of these ^' 
organisms are present. . * T . .1 ^. . ' . 

' ' : r • ' > • ^^ -■ '■. ' ' .■ ' ' ' ' . ' ^' -^^ 

0,9 Potential Disease Transmission By Aerosols 

. . / . ; ^ - ' • • •;. ; i. ; ^. ; . ; ' ' ' / ■ . / 

Aerosols containing 'bacterial and viral pathogens may. be- infectious on 
inhalation. During sprinkler irrigation of wastewater, approximately : 
O.T% pf the liquid is aerosQlized^[52]. Thus,*^ there 'is a possibility of * : . 
producing a -ptbtential^ health risk by' the process [53]. This^ feature, / ' 

. plus, ttie . Iim^^^ amount. orf informatiort avaiJabl^e on . the. subjeqt^ makei . • 
ithe evaluation of health implications ,^of aerosols from any form of . 

. wastewater treatment' diffitult to assess."* ' ^ Si / ^ ' 

a:''---- ' • A--': ^. ' :^ . : ' : , ^'^ / ' 

Aerosols have been defined^ as particles in the size ran^e.of 0.01 to 
5(i.Mm that are "suspended, in air. When an airborne wJtter droplet is . 
created^ the*v;wtater . evaporates very rapidly under average atmospheric 
conditions, ra^ul ting in 9 nucleus of the originally dissolved solids 
'plus the miiftrborganisms "contained ih.'the' original droplet [54 J. The^ 
high rate of evaporatioa/resul ts in the -die-off of many of the original 7 ' 
drganf sms .>that were aerosolized, but the, remaining resistant organisms^ ? 
may persist fer a long time. ' ' 

■I - , -:.V : . ■ . V - ' A ^ ■ 

Humans may be infected t>y biological aerosoTs primarily by infialingj^the 
aerosol or secondarily by contacting material on which the. airborne • 
droplets have settled (i.e., clothes). Ihe infectivity of an a^bsol ^ 
depends on ' the depth of^^spiratory penetraLtion. and the presence of 
pathogenic organlsms^VL^afger droplets (2 to 5 pini)^are| mainly removed in 
the upper respiratory tract anq do not gain entrance to. the al veoli of ^ 
the lungs, although they-^ may find. , their way into the digestive tract . 
because cTf the ciliary action [54]. Thus, if gastrointestinal pathogens * 
are present, 'infection , may result. .However, a much higher rate pf 
infection occurs wljien respiratory .pathogens are inhaled In smaller 
droplets (about 0.2 .to; 2 /xm) that do reach the .alVeoli of ttie lun^s 
L54J. Also' important is the fact that some pathogens ^ound in 
wastewater have a lowe-r infective dose (i.e, number of^iprganisms 
necessary to cause an infection) in aerosol form than when ^^ingested ^ 
directly [9]. ' ' - / 

Most of the information available today on wastewater aerosols concerns ' 
their generation by wastewater treatment facilities, such as activated 
sludge treatment plants. ' Aeration of the wastewater during this process 
has been shown to produce biological aerosols that can be carried 
considerable* distances dependent on local climatic conditions. ■ Airborne , 
coliform bacteria have .been recovered at night as far ^s 0.6 m (1.3 km) 
from , a large "trickling filter' plant L52J/ Factors that have been found 
•to affect the survival and dispersion of bacteria and viruses in such 
"aerosols ^are summa^rized in Table D-4. - • ^ 
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. TABLE D-4 

FACTOID THAT AFreCT%HE SURVIVAL AND DISPERSION OF 
BACTERIA m viRKES IN WASTEWATER AEROSOLS 



Factor 



Remarks 



Relative 
humidity 



Wind speed 
Sunlight 



Tjemperature 



Open air 



Bacteria -and most entericv viruses survive longer 
at high relative humidities, such as those . 
occurring during the night. High relative humi- 
dity delays droplet evaporation 9nd retards 
organism die-of.f. / 

Low wind speeds reduce biofigical aerosol 
transmission. 

Sunlight, through ultraviolet radiation, is 
. deleterious, to micrdbrganisms. The greatest 
concentration pf organisms in aerosols from 
wastewatiBr occiJrs 'at night. .. 

Increased temperature can a1$o reduce the 
viability of organisms in aerosols mainly by 
accentuating the effects of relative humidity. 
Pronounced temperature effects do not appear 
until a temperature of 80°F (26.7^C) is 
reached. , 
t ■ ' ■ 

It has been observed that bacteria and viruses 
; are inactivated more rapidly when aerosolized 
and when the captive aerosols are e^cpose^d^to 
the open air thdn when held in the laboratory. 
Much more work is needed to clarify this issue. 



There is\ little quantitative information on the spread of bijological 
aerosols from land application of- wastewater by sprinkler irrigation 

■In 1957, Merz Investigartpd the hazards ,associated with sprink^ 
treated wastewater onta a golf tburse; , Air was sampled downwind 
from a covered sedimenj^a^op basin, a wastewater aeration tank, and 
. a . spri nkler 3 by usi ng^^^^sampl i hg i nstrumeht with' a YectanguTar 
orifjice that impingedj^ onto the sur'falb of liquid eollectioti 
media* The sampler f\W^ ^^s aissayed for col.ifbrm 'brganisms. 
. ?GQTi forms were reportedr^o have been recovered only downwind from 
the sprlrikief and close, enough [l35 f'i (41 .1 m)] that the spray 
could be felt. Menz concluded that hazards from 'sprinkling 
wastewater were . limited to direct contact, with uneyaporated 

V. , droplets. Merz' s study (now out of print) , i s the only publ i shed 
U.S,.^ field 5tudy that - coiild be found thatv add 
microorganisms - from • land^ applfcation of wdstewater although some; 

' —foreign language articles and unpublished materials db* address the 
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subject. v.Reploh and Handloser, by using agar settling plates, 
found airborne, dispersion of coliform bacteria downwind- from 
sprinkl-ers discharging [untreated] wastewaterr...They estimated 
that the viable aerosol could be carried 400 m downwind by a 5 m/s 
wind and recommended that .large land areas arid. the planting of 
hedges be used as safibty measures. * 

: Bringmann and Troin denier, -> by using Endo agar , settling plates, 
investigated the airborne spread of bacteria downwind from sprays 
discharging settle^ wastewater th'at was not disirifected. they 

. / found that the downwind travel distance of the viable aerosol . 
' iricreased.>;as;. relative humidity and wind speed increased and 
ecreas;?d as ultraviolet radiation increased. They estimated that 
coliform organisms may remain viable as far as 400 m downv/ind from 
:jMre source under conditions of darkness, 100 percent relative 
^/.-" humidity, and a wind speed of 7 m/sec. Sepp measured the^^airborne 
spread of total and ' colifQrm bacteria downwind from sprayers 
discharging ponded and chlorinated activated sludge tank effluent. 
-Coliform bacteria were recovered. as far as 10 ft (3.0 m) downwind 
^from the spray, limits in a ^d^nse brushy area and up to 200 ft 
(61 m) downwind from the spray limits in a sparsely vegetated area. : 
Shtarkas and Krasil'shchikov recovered bacteria on settling plates 
650 m downwind from sprinklers discharging settled wastewater and - 
recommended a l,000-'m sanitary zone around such installations. 

Katzenelson alnd TeltQh have recently studied the bacterial aerosols 
generated by the sprinkler irrigation of water, from a small stream , 
contami nated by untreated domestic wastewater [55]. They used Anderson 
and glass 'impingers to collect coliform bacteria in air at distances up 
to 1 310 ft (400 m) from an irrigation line and 820 f^ (250 m) from an 
aerated lagoon. The coliform concentration of 820 ft (250 m) from the 
sprinklers ^and lagoon were from 0 to 17 coliforms/m^, and 0 to 4 
coliforms/m , respectively. In addition, of the 457Colonies evaluated 
only one colony showing the characteristics of S altnonel la i nf entis was 
isolated 197 ft (60 m) from the sprinklers. Bausum et al., using 
Anderson samplers and high-volume electrostatic precipitorSj detected 
tracer bacterial viruses 2. 067 ft (630 m) from the wetted zone at a / 
sprinkler-irrigation site [56]. 

The first epidemiological evidence of a disease risk associated with 
. wjisteWater irrigation has been reported recently by Katzenelson et al. 
[57j]. The incidence of enteric disease in ^ agricultural -communal 
settlements in Israel that practiced wastewater irrigation with^ 
partially treated, nondislnfected wastewater (similar to that of raw ' 
domestic wastewater), was compared with similar settlements that did not 
practice, wastewater irrigation; The^ incidence of shigellosis, 
salmonellosis, typhoid fever, and infectious hepatitis was found to be 2 
to 4 times, higher, in those communities practicing wastewater irrigation. 
No differefhce in the incidence of disease not transmitted by wastewater 
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was observed between- the communities, nor were differences observed for 
shigellosis and Infectious hepatitis rates during the winter when 
irrigation with wastewater was not practiced. Thes6 authors claim [57]: 

These findings, although of a tentative nature, point out tnat the 
health hazards associated with wastewater irrigation may be gr^eater 
than previously assumed. In the case of the Kibbutzim studied the 
distance between the areas spray irrigated with wastewatefr and the 
residential areas^vary from 100-3,000 meters. No direct evidence 
is available at this time as to the actual concentrations of 
pathogens in the air at the /residential areas... .It is, also 
possible that the pathogens from the wastewater irrigation areas 
can reach the kibbutz population by an alternate pathway, on the 
bodies and clothes of the irrigation workers who live in the 
community and return from the fields, at; mealtime and at the end of 
the day. . ; •• . • • ' 



rrhe potential, health effects related to the production' of wastewater' 
l||wrosols have yet .to be fully established, the recent work^ of 
IKroenelson et al, indicates that the sprinkling of untreated wastewater 
•may be a health risk to irrigation work^ers and possibly to persons 
Iresiding nearJ)y [57]. Biological treatment an(i^^.disinfectidn may largely 
'Eliminate any possible pathogen transmission by 'aerosols, but validation 
pf this is necessary. The use of. buYfer zones, control of sprinkling 
Operations to minimize the production of fine droplets, elimination of 
sprinkling during high winds, and sprinkling only during daylight hours 
Should be considered as alternative control measures in the production 
of biological aerosols. ^ \ 
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APPENDIX E 
METALS 



E.l ^Introduction 



An., important consideration in modern treatment of wastewater is to 
produce an effluent that can be used on land without Reading to 
significant problems either at once or later on. Nearly all wastewater 
delivered to treatment facilities contains metals or trace elements. 
Industrial plants are an obvious source; but wastevyaters from private 
residences can have metal, concentrations, many times those of seawater, 
groundwater, or domestic waters. The important trace metals are copper, 
rjickel , lea.diH- cadmium, and zinc. Some waistewater influents have high " 
concentrations of other trace* elements that must be dealt with in "a 
special manner. 

A few of the metals in wastewater', being essentiaf to' life, may enrich a 
soil at a land treatment site. Zinc is the metal most li'kely to provide 
an . environmental '^benefit, because-large areks of land have too little 
zinc for the growth of some crops and: because average dietary zinc 
intake by humans is marginal. Nevertheless, such essential-to-life 
metals ^(and others too) can accdmulate and pose potential long-term 
hazards to plant . growth or to animals or humans consuming the plants. 
Copper, zinc, nickel, and cadmium are examples of metals that can • 
accumulate in soils aad decrease plant growth (phytotoxicity)* Xadmium 
and V copper (to a lesser extent) can become hazardous -at high 
concentrations to people or. animals who eat the plants. The aquatic 
chemistry of metals in wastewater, ranges of the properties of soils 
that- have. an important influence on the behavior of metals in them, and 
a^ summary of benefits and hazards from m¥tal accumulation in soils are 
discussed in this appendix'. 

E.2 Metal,s in .Wastewater . 



E.2^fc Concentrations 



The concentration of a metal in soil is probably the mdst impoKant 
factor to consider. > The shortTterm behavior of metalls is influenced by 
:th€;-;-f^ or species in the wastewater, but most metals are relatively 
im!t!dbrt.e^:^*^^^ soils. Thus> the assessment of the status of a metal in 
soil can be simplified to two major considerations: (1) the total mass 
input to y soil, an^d (2) vertical distribution of that mass when it is 
i^a relatively steady state condition in the soil. ' . 



Metal concentrations in' wastewaters, as affected by their sources and . 

treatmentsy^^^^ a land application project because they may 

■■ shorten the lifetime of. the sit^ through a cumulative total of one or a 
' combination of metals in excess of a biological toxicity threshold, 
y page has* reviewed and -isummari zed some earlier published values for 

metall in wastewaters, and the effectiyjeness of standard treatment 

processes, for their removal [I],' He makes £he point that metal 
. . conceritrations vary greatly in both soils and wastewater. High values 

in soils can arise from natural geo- or pedo-chemical accumulation 

processes [2], 

. ■ ♦• ^ , ■ ' ■. • . ■ ' . • _ ' 

• ' " ■ 

Not* ' only do' individual treatment plants differ greatly in the 

idnqentrations of influent metals but Oliver et al. no'te that certain 
, metal s show rapid increases and decreases within waters of .'a treatment.^ 
' plant, which' they attribute to sporadic industrial discharge of 

minimally treated metal -containing wastewater [3]. The wide range of 
. trace metal .concentrations in influents to municipal treatment plants is 
.' strikingly shown by the fact that biological activity in. digesters can 

,b^ inhibited by either metal concentrations that. are too'high [4] or to 

trace element deficiencies [5].. , .. 

■ ', * • • t ^ ' ■ ■ , . . 

■ ■ i> " a ■ • . . 

' Sludge in conventional plants is generally found to retain much of the 
ometals contained in the influent-[3, 6-13i, Although' proper operation 
of such' systems lean retain 50 to 75% of most metals ih the sludge, lead 
, and ' (especiaMy) nickel are often not efficiently removed [13L Poor 
settling of solids at one plant caused high carryover roetal into the 
final effluent [13]V . . 

Advanced wastewater treatmeat; processes as lime or chemical 

cpagulant addition, carbon or charcoal filtration, and cation and anion 
re^n exchange) can remove Over 90% of metals from influent wastewater 
[14-17]. Effective processes convert the metals^ ttf separable solids by, 
, precipi tation and/or: adsorption, Merqury can . be removed by these 
.' processes but participates in reactions that lead to gaseous losses as 
V both dimethyl mercury and metallic mercury [18], Effective metal 
remo.val, especially at the industrial discharge site, would slow the 
development of environmental hazards and extend the safe pperating 
'•lifetime of a^ land treatment site, making the^ effluent more acceptable 
to potential users. ; 

• The*^ problems of the muriicipal plant are consfiderably diminished by 

identifying the sources of . wastes containing highly concentrated rjietals, 
"and either treating op excluding them. Klejn [19] reports that' 25 to 

49% of the metal in New York City wastewater influent is from domestic . 

rather than industrial sources, - but others note that certain metals 
. traceable to specific industrial sources fluctuate. dramatically ['T3,, 

20]. • ; 
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• E.2.2 .Species 

The. total .concentration of a metal . (Mj)" in a. volume element- ofJ. 
unfiltered wastewater is the sum of the concentrations of the species of 
th6 . metal : • ' : • 



" = MA + MB + He +: ...MZ-. 



■(E-1 ) 



The metal associates, A, : B, C, ^..Z,' have a large -number of possible 
identities, some of which are catalogued and 'classified in Table E-1. 



v. " TABLE E-1 

, / CLASSIFICATION OF SUBSTANCES WITH WHICH METALS MAY FORM CHEMICAL 
■■^A AND/OR PHYSICAL ASSOCIATIONS- IN FRESH WATERS AND WASTEWATERS [21] 



Complex and ion 
pair formers 


Chelates . 


Precipitants 


'H2O 




OH" 


' NH3 ^ > 


Fulvates* 


^C03^- 


/ oh; .. 


Humates 




cr 


Polypeptides ^ 




HCO3 


Polyaminosaccharides 




CO32" . ^ 


Polyuronides 


so/" ^ 


Proteins 




- . RCOO" ' V 


Polyphosphate 




RSO3 







Adsprbents' 



Clay minerals 

Hydrous oxides 
(AT, Fe, Mn, SI) 

-Humates 

Fulvates 

Bio- remnants 

Calcium carbonates 
■Iron sulfides 

Calcium phosphates 



Metal species are -important in that they differ in chemical properties; 
The ^classes of soluble metal species include complexes, ion pairs^ and 
chelates.. Complexes and ion pairs aref chemically similar. Structurally 
they havq the metal ion at the center, Which then 'cot)rdi nates or bonds, 
or closely attracts to It one or more of the liquands listed in Column 1 
of Table E-1. : > - ; 



An important complex of a metal ion tn water is the aquo ion. It can be * 
visualized as an ion siich as a divalent zinc ion/together with the water 
of hydration coordinated about it. Although this species may be an 
important intermediate .in conversion from one species or form to 
another, it is often only a small fraction of Mj. 



The :; formation /bf. a monochloro- .and a * clichloro-metal complex ion 1s 
represented by the reactions: 

c . ^-^ . • ■ ' "" ■ ■ ' y. ■ 

■ • Zn^"^,* CI" = ZnCl"^ : : \t-2) ; ■ 

. - . / ZnCl^ -K.cr = ZnCl^ ^ • V (E-3) \ • ; 

These, reactions Should be interpreted to indicate that, at equilibrium, 
the solution contains some aquo metaV iori (Zn2+X as well as .some of 
each of the complexes (ZnCl+) and (ZnClg)- Note that the complexfes 
have a . lower +. charge than -the aquo ion and thus are less likely than 
the aquo ion to be, adsorbed by clays, oxide's, or organic matter. 



Chelates are similar to complexes and ion. pairs in that the metal ion 
bonds or attracts around itself the "functional" groups of the .chelate. 
Common functional groups .of chelates in soils and 'waters include 
carboxylate, .amino,^^d , phenolate. .The distiricitive feature 'pf the. 
chelate is that two or~ more groups are connected by chain.s or bridges of 
atoms. Thus, acetate ^wtlT form a ctwnplex with a m^^^ 
has only one functional group, the carboxyl: . \. 



CH3 - COO^ .(E-4) 



Succinate has two.sucH groups 



"OOC CH2 - CH2 - COO" ^E-5) 



connected , through a carbon chain and is thereby a cliel ate. Through the 
process of * chelation> the"* succinate lind vthe Jmetal; ":ion • become an 
uncharged- soluble metal ctielate: / , ° ' ^ 




(E-6) 

EquillT'brfuil1:^e)j;pressians can be written to, quantitatively 'describe, 
aquatic. so(lution behavior of complexes, ion pairs,, and chelates' through 
stoijphidme.tric expressions: .such as Equations %r2 andv^E*-?i; and^the^ 
formation "constant." These constants .are reported , for the substances* 
in*^ Column 1, TaBle E-1, and for itjpist simple organic acids and amino 
acids [21-23] as .well as f6r higher-mdiecular-weight moieties such as' 
fulvates in soils [24-26] and in wast-ewater .solids [2i7]. Because most 
functional groups in chelates as .well . as most complex and «^iqn pair 
formers are weafo, acids, the stability of the; metal -moi.ej^ cp^^ 



. often pH-dependent, with'little association in acid media. The degree' 
; of association increases vitfl^pH to a maximum often determined by some 
. c^peting alternative reaction, such as precipitation. 

The' important consequences of the formation of ion pairs, complexes, and 
chelates with metal ions in aqueous solutions are: • ; • 

1. Total sol ubleV metal concentrattons are often greater than 
' ^ >ould\be predicted from' solubili ty considerations D This 
4. ;is because solubility is a function of solubility product 

{"free" ^metal concentration or ^ activity times "free" 
. concentration or activity of., precipitant). Total solution 
concentration . is the sum of free, complex, ion pair, and ,qhef- 
lated ion ctJnGfentrati.ons. 

. 2. Unchc»rge^ .^ligands .(H2O, NH3, 'RNH2) do^ not diminish the 
positive charge of cationic metals but may result in a more- 
polarizable cation^ reduce the charge dens;i;ty, and increase 
the distance of closest approach . -to.. -negatively charged 

-'.■..''\ ■ ' . . surfaces. ' ^' • ■• .^^ ' 

3.. Anionic ligands form metal associations thait . haye^ posi- 
- • tiye charge than the "free" metaj cation/ The resulting:: 
. ■association may be uncharged or it may have an overall net 
negatlve^^^. charge The decrease in positive charge can. thus 
reduce adsorption to negatively charged surfaces' silch" as clay 
Minerals iri soils, thereby* increasing the ".probability of. 
. leaching: through' soils to groundwater. : 

The full quantitative description /of metals in solution ; phase 6f 
, wastewater thra^b ' analysis and cortiputatibrt i costly.' . LagerWerff et 
al. [28] have ^ proposed a resin-columh '; pHcedure that Estimates the 
cbncentratibns of cationic, anionic, amphoteric, and^uncharged forms of 
each metal in the. original spTut'jon. 'Such an approach to characteri'?ing 
metal- species in wasftewater effluents maj* be ,morfe economical than 
" complete analysis--and still be precise enough. . 

■ • " v,": " ^' ^. ■ ^ ^ ■ ■ v ■ ' . ■ ' ■ 

. - The siiBstances w ass^ociation of metals with materials listed 

in Columns 3 and - 4 of /^^^^^ E-1 are particulate or high molecular 
/ .-.weight. If settling, flocculation;- and inefficvent, 
: hdwever, they may remain suspended or ^isper&ed- irl''Vttie wastewater and 
6xit in the final effluen>t. The p'recipitants- liste^^^ in Column 3, of table 
E-1 may. be present in the influent (SO5 , PO|")pmay form by \a\naer^ 
processes (S0^^S2-), may be a(Ided as a treatment: ;(CaO--f^OH"),^^^ 

V created during recarbona1|j^n^(2^ CO2 = GO?" + HgO). . Dyring pr^^ 

• "station, \ the phosphates, ^suTHdes, car bona tes,. : and: hya^^oxides 
; : ; c^^ hydrdTus oxi.des .m^y affect^ -heavy metals/ by cbprecipi tating 

V .theM^ andA)r .adsoffeing- :them on solution-accessible Surf aces/ of the 
' pre£ip1tatesi / Part§^. b dead bacterial and .other cel Is: also, 'have some 

capacity to . adsorb^ niptal s, as do the humatesv and fulva'te.Sr in 
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.microbial, 'd^^^ [29].' Clay minerals and cVay-sized aluminb-silicates 
and oxides .e|ntering in ,the influent also sorb tnetals. Column- 4 of Table 
E-l i5. tHus.a catalog of some of^ the jnatierials that make up wastewater 
.sludges, and that account for much of the capacity of sludges to retain 
medals.-; • • . ' . '\ ^- V . 

>.'• , . • r ■ ■ . ' ■ ' . ... •• • . • 

■ ■ ^ ^/ , . • 

E.3 Receiving Soils • , . : . 

' V • ^ ' ^\ *; ' 

During a land treatment operation, changes and, especially, rates of. 
change of the' chemical st^te of the soi.l profile will be>easured 
through monitoring., calculation, and projection to avoid hazards to 
future users frorri' excessive accumulation. 'These efforts wi VI require 
detailed knowledge- of the "tjase level" initial soil composition before 
appl.i.qat^pfi begins. Some general- discussion of vertical arid horiizontal 
metal .^.4|s and variation in soils may be helpful in designing 

plan? : for sampling and analysis 'before, during, arid' after wastewater 
•utiliziition. V - . ^ '^v e . 



. E.3.1^-Soil Analysis for Metals 

Analytical philosophy canobe diytcf^ "H^^^ dr^d 
extractable. In fol lowiM^ changes 4rf .soil compasitipn,'- measurement 6r 
the tgtal is preferred, for several reasons. Firstf the final resuVt^s^r 
wil V*' probably be ^ the most reproducible with complete breakdown •artjd^ 
soltibiljization of ?il l metal , po ma^tter the distribution among 
mineV$il6gical codipar.tments. Second, many* geological and pedoTogical 
analyses re|t6'Rt'%tals. Jhird, there is little correl a tiori between.,.; 
total valuel\Vanjd .any„. extractable val.ue [30]. However, full 
deconippsition; {^^^^ sample sometimes increases interferences in. the 

final 'quant itatibh step. The greatest disadvantage, is that the 
'decbmpQsition' step for a "total ahal^is" is time-consuming ^nd greatly 
increases laboratory costs per sample. " , 

At the oppoj'ite^ extreme^. ar procedures to extract small fractions of an- 
element, of^.W>with the purpose of estimating "available" levels of 
rfutrients esSentni^^^^ ^to pi ants. Such' procedures incl ude extraction wi th 
dilute mineral orjjrganic acid- or ^^ynthetic metal ch EDTA 
or. DTPA, .and measuremdnt of "exchangeable" metal . Those prdc'edures may 
a.dmjrably serye t^tjpr original purpeite, bu^t. their actual behavior fh. 
soils having, high ^^evels of metal have notlS^jee^n^ 
They have the; . distinct- disadvantage that they wil 1 not fully extract 
alien metal introdiicec^tto soils through wastewaters and thus they cannot 
be used in mass bat al^ces. r,.:. 

A reasonable compromise is to extract^ soil s:^t^^^ 

hot solutions of mineral acids. These proc^durejsi;^«i^j^^ 

the total / metal in a soil than the procedures fof' '^available" metals. 




■ butr' %ey^^^ .^nbt^ ife^ resistant mineral s.> Page [13 

'osiioWsv , tf^ and Nilsson [31] for 2-molar HCl . . 

fextrapti.of^ iTeteivtng sludge aMli cations for 20 years 

• fecovers:?:^^ percentages of mbsWof the applied metals* 

V • SU iproc?^^ T fy the f i nal quanti tati on step bfecau jse very 1 i Ute ^ 
of; sand dissolves, thus lowering .the'amouhtV;^^^^ potentfal 

inte^^ as wuld b(6 the'case in ti;*-^btaV* analysisv^^^^ • 



in :it^^3f technique, scrupulous attention should be paid to^v; 

usin^' exactly the same procedural details from day 'to day* Early in- the ; 

project i^^^^^ of soil from the project area should be prepared • ' 

. .^an4 -S^^^ for regular inclusion with each sample batch ta 

: cKarige^^ technique do hot cause ,systeimjat|c drift; ^^^o^^^ 

.. or' variaiibnv^n analytical output during the project* ' v ' : ■ \ 

;; the- '-.HVue^^^^ especially the averages-, give a preliminary 

: / indicaM^^^^ a prospectVye site is near the norm or 

i has; an usuaV^^ c^^^^ ^of on^ or irtofevfe)ements\ It should be 

■ emphasized ; that values are "total sv*'^^ werev^lected 

to exclude sampl:esytak^ near mineral dep6^.i^sV • 



; TABLE«E-2 " 

AVERAGEjAND RANGES OF SOIL' CONCENTRATIOMS 
/ ■ . 'of selected elements [32] V 
:V " , / mg/kg 




A. 



□lenient 


, Average 


Range 




As 


6 


0.1-40. ' 




Cd 


0.06^ 


0.01-0.7 


• ■ , ■ ■ ■ ) ■ ■ 


Cr . , . 


100 / 


5-3000 




.C'u 




,:::-^rioo: .. . . 








'•D;0}t^.3 . 






2 






- Ni . 


4a 


10-1 000 . 




Pb . ' 


10 








, 50 . 


'Aoiho . 





a. Insufficient data re- o 
ported. Values may. need 
to be revised. 
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Fleischer discussed the mechanisms that lead to accumulatiofis of metals 
by natural processes [33]. Soils and vegetation can have high levels of 
metals at considerable distance from a mineral d^posijt/ or ore body 
because 4he process which originally created the deposit was pervasive* 
and/or because surface exposure of ilie. vdeppisitrpermitted erosive 
transport and deposition. A si te .proposed fot' was tewater|appli cation may 
thus be in the halo of a mineral i zed area.^ Appl ijca^t^^ in the 

wastewaters could: rapidly bring t*)e SqIIS to a phytotoxic,threshold. 

For> i^ample, ^ i^^^^ has at least jbwo types of 

mine*i^' deposi tw^V Merd^^^^^ cinnabar has been tpined: from a 

number of 1 ocations-.^^^^^ of "mineral" deposit is' serpentine, 
exposed in a greai number , of locations of .various sizes. This Tfnaterial 

is high in nick'^T.;/: and ch^ ;Erosion 'from the mountains and 

deposition in coastal .vall^y^^^^^^^^^^^^^ the west. side df the Central Valley 

have probably causer Vs^rtie^^^^ those-- soils to have higher than average, 

levels of these mei^^^^^^ soil s may thus have unexpectedly srrtaill 

capacities to accept.'m productivity. .. ' 

: The; important' poi iA^^ii^tha't^'i$^^ s ^tend' to refl ect tliG J:hemi stry af the 
"geochemica! - province" 't^^^^^ that rthey may, have unusual ly higfh (or 

low) cpncentrations of s^ectfiq: v.miet^^^ even without min.es or mining 
.operations nearby. ExcepiTqn'al.ly high levels of metals for any reason 
•'reduce the capacity to accept ' additional metal . without exceeding 
environmental quality 'thresholds... 

£.3.3 Vertical Distribution 

Not only, do soils exhibit differences in metal concentration from one 
area to another (sometimes in surprisingly short distances) but the 
concentration ^ftferi changes with depth in a given profi^l-je .(figijir!? E-D/ 
A .protile is occasionally observed as shown in Figure'E-lA. Such a 
condition- might be observed in high rainfall ^reas, ..in tropical soil s, 
hf whe|re leveling has rerp'b.y^^^^ th^/ original surface' soil for irrigation. 
,S*ueh pi^bfile6 are rel atiy^^;y Tare/ . . ^- '''i,^. 



Figure E-IB is typical of the distribution of many metaTs*'^^^^^^ the soil 
profile. The apparent buildup or accumulation near the surface could be" 
due to atmospheric input* over- a;,relatively :^ong time, as with lead 
deposition: near, Heavy. hi g.^way traffie. lead,/ 
cadmium, and zinc .from smefter smokestack [36, 37?]. 

K ' * ''^^ ^; -'^ . ,- ■ . • . 

' . - . ••• ^ . . . • 

This same distVibation is shown also by temperatje-zone sail s that have 

not been polluted. The mechanism invol.yed is soi3[).etimes termed "plant 

pumping." During the thousands of ^ears of soil development, plant' 

roots take up the. metal and translocate it to the abpveground leaves and 

stems. When thi s metal -containing biomass dies : and falTsf to the 



FIGURE E-1 



PATTERNS.OF DISTRIBUTION OF TRACE 
ELEMEmS WITH DEPTH IN SOIL PROFILES 
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ground, -the soil; insects ingest it -and physically carry some of it down 
into t^^ 'iipf(^r^ p of the profile, where the rfiinerafezation process is 
complfe^^d ^ by/;^ microorganl^sms. The apparent ^ccumull^ljipn near the soil 
sujp.ficg^^^^ becausev.ttie soil strongly adsorbs t^|ie^-J^^^ preventing 

j^lit;fr^^ ^Lich a mechanism is frequenti'j^' ascribed .-.to zinc, 

atl:h*6.d^ff^"it could possibly apply also to other trace metals taken up by 
plants, whether. bio]ogical ly* essential or not 138]. ^ 

A distribution that might occur in forested areas of higher rainfall is 
shown in Figure E-IC. The higher concentration ait. the surface is in the 
forest litter. The depleted zone has been leached;' by organic substances 
derived ''from decaying plant litter and moved downward a short distance^ 
where it appears as an^accumulation. Hodgson presents similar diagrams 

for distribution of individual metals .ij}v:fi^^^^ soil profiles [39]. 

f. ' • ■ ' ' ' , . ■ . 

* • * 
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The profile in Figure E-ID will obviously be; t^he'njpst difficfcKlt to deal 
with because it is a series of- discontinuities. that might have developed 
by alluvial deposition "of . ^sediment, frbni-; 5^ have changed 

-frequently-. 'Y5'':''-y'-':f'' • ' 

EVi;; Chemistry of' M 

The ;;t>roperties of a soil or sediment with respect to a metal can be 
^charjlGterized. by the , total concentration of the metal 1n the syslftm. 
The/ 1mpor.tance^of thiv^^^^^^ based t)n the. fact that a metal 1n a 

system;;WlTl behave quite differently antf be contrpTle^l by or participate 
in d1ff(|rent reactigns vor mechanisms when in t^^^^ concentration than 
when at high concentr^atiQns. In most soils, -which are neither extremely 
coarse i\or very old nor highly leachedV nor highly polluted by 
geochemical *or industrial activity, the zinc concentration ranges from 
20 to IQO ppm, averaging about 50 ppm '{Table E-2), Many laboratory 
chemicals have off-the-shelf contaminant concentrations of zinc greater 
than that value. Such soils, especially if in the range pH 6,6 to 8,0, 
have very high affinities for zinc, maintaining soil-solution^phase 
concentrations of "free" zinc (aquo Zn2+) in the range of 0,01 to 10 
jig/L [40]. In. fact, in some early studies, solutions of common reagents 
..were sometimes purified of . their zinc contaminants by passing them 
IJthrough soils. It is also in|portant that, even at these low soil- 
solution , concentration values; plants still acquire z|nc through their 
roots fast enough to sa'tisfy their biochemical ^demand. 



Nevertheless, as . more zinc (as a soluble zinc salt) is adcied to the 
soil-water sy^temy much of the zinc "disappears" fr(Jm, the solution phase 
by mechanismsr.;d1scussed below. The important points are that solution- 
phase concentrations df zinc increase and added zinc par^J^icj pates in 
more than a single reaction mechanism, distributing among several 
coexisting solid phase or interfacial states. It is important also that 
metal will accumulate unless water applied to soil has exceptionally low 
concentrations of^etals. 

^ . . . .' u. : 

Another familiar example from geochemistry is that of cadmium. Although 
carbonate and sulfide minerals of cadmium are known, most mineral 
deposits from which cadmium is obtained Include cadmium as an impurity, 
probably coprecipitated with the major metal component (lead or, zinc) at 
the^ time of crystallization. . Therefore, we should not be surprised to 
fine!, that, at trace levels in soils, metal s exist in diffuse dependent 
states, not as / discrete identifiable crystalline forms.; As the total 
amount of metalv in or added to a soil increases, the latter condition 
becomes more probable. ... 



. Ei4.1 States of Metals in Soils 



A- summaVy classification of the states of metals in soils is presented 
in Table C-a and is discussed in the following paragraphs. /Several 
reviews discuss states and reaction mechanisms of metals in soils [1 , 
39-42]. 



. — J TABLE E-3 

' i • 

^ CLASSIFICATION OF STATES Of 

rtTALS IN SOILS 



Aqueous 


Aqueous-solid interface 


Solid 


Soluble . . 


Exchangeable 


Biological 


Dispersed or suspended 


Sped fiqalfy adsorbed • 


Precipitated 




Interfacial precipitate 


Atoiii-proxied 



Ei4.1 .1 Aqueous . 

The aqueous phase of -sotls/'i^iH^ two important states, the 

soluble 'and the dispersed or suspended. The soluble state includes all 
forms of each -met^l previously discussed' as aquatic species in 
wastewaters: aquo ion, complex ion, complex molecule, ion pairs, and 
low-molecular-weight metal chelates. 

' >- • • ■ ' ■ 

The dispersed or 'suspendeid state includes high-molecular-weight 
* particles with metals adsorbed onto solution-accessible outer surfaces 
of included internally. These particles can .peptize -and move with the 
solution phase until electrochemical* conditions change and flotculation 
again renders them immobile. Metals in the aqueous phase<are subject to 
movement with soil water,. They also participate in jequilibria and 
chemical reactions with the solid. phase. 



E.4.1.2 , Aqueous-Sol^id Interface 

• A very important region is the aqueous-solid, interface, in which we can 
distinguish the exchangeable, the adsorbed, and the interfaci ally 
precipitated states. 
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Ev,4^.2.1 Exchangeable 

■ * * ■ ■ ' '* ■ " * ' . ' ■ • 

The surface of clays, oxides, and organic matter are negatively charged. 
That iSi they have spots of negative charge at solution and c&tion- 
acces§ible locations on their surfaces. The" sum of this charge is 
referred to as the cation exchange capacity (CEC). Positively charged 
cations such as calcium and magnesium, loosely held In-the vicinity of 
these spots, are referred to as exchangeable ions. They are thought to 
be fully hydrated, to be in (thermal) motion, and to be' "dissociated" 
from the surface [43]. Another characteristic of the exchangeable state 
Is that insertion of a foreign cation (in a salt) into the solution 
phase readily (and predictably) displaces some of the "domestic" 
exchangeablie cations. • 



E.4.1 •2.2i|v3peGifically Adsorbed 

. ■ . ■ ■ . ■ ''' . . ^ ■ 

Some authors refer tb this state simply as the adsorbed state. It is 
distinguished from the exchangeable state by having more binding, between 
the metal and the surface. It includes th6;extra binding due to the 
covalency of the bonds that, fo^ during chelation by soil organic matter 
[24, 27, 44]. Metals specifically adsorbed, at mineral surfaces are 
apparently held by electrical' forces- as wfell as by additional farces 
possibly, including covalent bonding,* Van der Waals forces, partial to' 
complete dehydration, and steric fit at the site^ 

I ■ _ . ■ ■ ] . ■ ■ 

The term specific implies that other metal cations do not effectively 
compete or displace the specifically adsorbed metal cation. That is the^ 
.practical distinction between the exchangeable and the specifically' 
adsorbed state. * 



■ ... • • ^■ 

Specific adsorption is the most important mechanism controlling soil- ^' 
water concentrations of metal ions at low amounts of metal in the soil - ' 
water system. As more wetal ions are added, a specific adsorption 
capacity or limit is apparently reached, and incoming mietal ions enter 
exchange positions. This, concept is illustrated by tomparison of 
studies of Blom with, those of Bittell artd Miller. Total cadmium was 
less than 1% of measured CEC in Blom' s clay and soil samples; highly 
specific cadmium adsorption was observed [45]. On the other hand, 
Bittell and Miller also studied cadmium reactiof^s with clays but at 10 
to 90% occupancy oT CEC [46]. They report selectivity coefficients of 
appr^oximately 1.0 for calcium^-cadm^'um systems, which clearly indicated 
no selectivity or specificity for cadmium. 



the importance of the above is that metal ions will be relatively 
'immobile - and unaffected' by high concentvratiohs of "macro" salt cations 
such as calcium, magnesium, or sodium when specific adsorption is the 
dominant state. On the other hand, a metal cation will undergo greater 
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leaching when ^the solution concentrations of macro cations are increased 
and the metal catipn concentration in soil solution is controlled by the 
exchangeable state. ; 



E. 4. 1.2. 3 Interfacial Precipitate 

, . r'. ■ 

This state is relatfeti both to adsorption and to preci Ration. 1% is 
sometimes thought to arise through a process called heterogeneous 
nucleation [21]. In essence, already existing surfaces of clay minerals 
provide a host surface on which the cluster of ions can grow to become a 
crystallite. The precipitation process thus avoids a supersaturation 
step. -.' ■ V- 

This theory implies that the resulting precipitate is \dentical j'n 
solubility to one produced through a supersaturation step. An extension 
of the theory suggests that the host surface in son^e cases affects the 
precipitate by making ft more insoluble [47-51]. Data for copper and 
zinc equilibria in soils presented by Lindsay [40] cafi be interpreted as 
being due to interfacial precipitates of metal hydroxides. If the 
identity of the interfacial precipitate is known, it can presumably be 
managed like any other precipitate. . < 



E.4.1.3 Solid . ' ';;V. V ' ^ ' 

-In addition to the aqueous and interfacial phases, the solid phase is 
import-ant. This -gphase can bi?';: subdivided into the biological , the 
precipitated,/and^:the aftom-^p^^^^ , 

.. ,r£;.4/l .3.,l.;/:BiOlogica1- ■; . > 

m ' -r- ^'^"-^o . "'-iy-'-^ ' : 

The metals which have paased across cell membranes into living cytoplasm 
are in this category. The organisms include microorganisms, plant 
roots, and the ^ many insects and animals in . soil s. The state is 
important because it can temporarily sequester 'significant amounts of 
some .metals and especially because jt can' caiise transfer - and 
accumulation of metals. This includes the uptake of metals by roots of 
plants and translocation to abovegroiund plant parts, tftus tending to 
counteract downward Teaching. On-;the other hand, earthworms and other, 
saprophytes consume vegetative litter and distribute their decomposition 
- products within the upper. parts of the soil profile. • - 

■ ' - • ' ' ■ ■ ■ ' . " ■■ .■ * ■. ' . 

• . £.4.1.3.2 Precipitated 

Precipitates include oxides,' hydrous oxides, carbonates, . hydroxy 
carbonates, phosphates", and, in reducing environments, sulfides. Clay 



minerals also can form by "precipitation." A precipitate can form only 
when, the system contains sufficiently large quantities or high solution 
activities of 'the components of . the solid.* In the early stages of 
development of a land treatment project, such bulk precipitates are not 
likely to be an important factor in the control. of so'il -solution 
concentrations of the metals because the quantities of metal s inserted 
intd soil are still small and the adsorption process is favored 
energetically [52]. Various references^ [23, 40, 531 include 
thermodynamic data, applications, discussions,- and diagramsl)f phase, 
pC-pH, Eh-pH, etc. . \ I 



E .4.1 .3.3 Atom-Proxied 



'Many metals are not major cationic components of , precipitates biit occupy 
structural crystal lattice positions, of the major .cation.^* 'jhjs is 
called isomorphous substitution or atomic proxying by the trace>;foreign 
ion. The conditionxan develop in at least three distinct ways rel&ted 
to^ time. First, the precipitate may be forming rapidly while the trace 
metal adsorbed on the growing surfaces is coprecipitated. . 

• • •. * . '■ / ^ ■: • 

Rapitlly ..formed fresh precipitates of'ten h aye low crystallinity and high 
specific surface and will often have greater . solubility than aqed 
precipitates or precipitates formed slowly firom "hom9geneous solutions." 
Thus fast precipitates tend to dissolve upon ageing .aWl refor;m into more* 
insoluble forms often containing- less of the trace, copreci pi tate or atom 
proxy. ' ; 

Slow precipitation is the second way and res^jlts jn different 
distributidns and. quantities of the trace-metals in the precipitate 
[54]. Some slow precipitates, such as clay minerals and some manganese 
oxides, have solution-stable forms with substantial amounts of proxying. 
of octahedral cations. Krauskopf conpsiders that copper, cobalt,, and 
zinc are incorporated in alumindsilicate clay mi neraVs-4s they form over 
geological time [55]. .Nickel is proxied for maglnesiuRi in^^ 
[56], and cobalt is closely /as soc«i4e£Ud^h. th 
.soils [57]. ' / . 




The third way for^incorporation isfbV solid-state diffusion of the trace 
or foreign i.on from the surface dfiyn existing ^crystal* into its interior 
(or vice versa), depending on^nCentration gradients. There has not 
been extensive study, Wowe/er, of the degree and rate of such 



interchange between existing octahedral 
cations. 




mineral cations and aquatic 



The copre.cipitated or atom-proxied form of. a metal has been looked upon 
as a sink into which metals ' can move,' and ,thus it may extencl the 
capacity of soil to accept metals before metal levels in the aqua,tic 

ERIC 



phase exceed, tolerabte threshold >values. Unfortunately;' the reaction 
rates ahd the parameters controlling reaction rates of this postulated 
mechanism are :essejfitiany unknown for any of the metals. Until the 
information . become? available, it would'be wise to 'take a conservative 
position and disc bunf the Influence of coprecijsitation as a sink. 

. : .. '^'S . .... 

. * ■ ■ » ■ . . ^ 

E.4.2 Effetl bf .pH ■ ■ , . . 

Trace metal concentrations in solution- generally, increase with 
decreasing pH. ' That is becau^ most precipitant aniofi^ are weak acids 
and become soluble through protbriation and displacement of m^etal cations 
in the solid phase. In addition, most specific adsorption sites 
(including interfacial hydroxy precipitates and' chelates with so.il 
organic matter) are pH dependent so that as pH declines the number of 
possible attachment sites diminishes. This is particularly true fQT 
hydrolyzable metal ions. 



On the 'other hand, as pH rises, the solubility bf^a metal such as zinc 
passeslthrough a minimum and then rises because ofj the formation above 
pH 9 of) the soluble hydroxy combfl exes ZnOfi'+, Z|i(OH)^, Zn(0H)3, Zn(OH)^-. 
Molybd€num^ (orthomblybdate ion) , is ag,; elements which shows a general 
increase. in solubility with increase .lypH^^^ the range of pH in 

natural sediments. ... . ' 



The general shape of the curve relating adsorption to pH while the- 
Kamount of metal andsoil or cAi:ioid is kept -constant is shown in Figure 
E-2 [51]. In the lower pfr jrange i A), .adsorption increases with pH' 
^although" the positive slope is relatively small (this may be specific 
adsorption). In the range B, adsorption increases abruptly. This 
occurs) not only„ when massive amounts of metal are in the sy$tem, with 
the rjise clearly due to precipitation of bulk hydroxides [58], but also 
when, the aqueous system is clearly undersaturated with respect:to bulk 
hydroxides. 1^50, 51]. 

• ■ . ■ . . ■ f ' ■: 

Thus, there' is an inverse ' Mia ti op. between ,pH and t^e capacity of a 
volume element-* of a soil br sjedimenl^^tQIjajilsc^^^^^ 
. In some cases it may be advti^'abJeV'tp li^^^ treatment 
site to ificrease the ; G#a6ity-v ;to reta^^ 
acidification of the sjf^^tem whi<jij|^plirietimes^esylt^vp^ 
of -ammonium ion.-.. -a^-"'-. '■^i^^ifSW'^' : ' ^ < 

• .E;.4.3 Adsorption-Oesorptibn|;j.ipi;|ferms ■ .^^-^^W^r^^y^^^*^'-^ 

An isotherm consists of a series of labqratory o^^^^i^^it' cowsUwt 
temperature. The, effort i^ to obtain fundsijtlfpilv^'^^^^^^^^ the 
interfacial, usually equillibrium, behavior of soi*b^tes and sorbeajts^in 
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FIGURE E-2 

EFFECT OF.pH ON ADSORPTION Of METAL 
BY OXIDES AND SILICATES 




pH 



two-phase systems. The twa important phases are the aqueous Vi quid and 
the solid, especially the . fraction of the^ solid, that is finely 
particulate and thus has a significant quantity of surface which in the- 
mixed system, is.the ; solid-liqliid interface where "adsorption" occurs. 
The general bbj^ctiv^ of . these studies is.-.to fit the data to some model 
or mathematica^f^nctibn which will relate the mais or concentration of 
metal sorbed by the^sOlid phase to some solution phase'parameters such 
as concehtration or / activity) of the metal (sorbite) ion, pH, 
•concentration or activity of competing ions, etc. 



Three major models or .computational approached havp>' been used: the 
Freundlich expression, the Langmuir model , and the "excfifenge model. The 
first two approach'es are discussed by Ellis and Knezek with respect to 



. -f ■■ : ■■• • ■ ■■■■■■■ .-■ : . ■ ■ ■ ■ . ■ ■■/ ■ ; 

trace elements in. soil-water systems [-59]. The (f.reundlich .expression 

iS' ' ~ ■ . . -., .- '■, .' ' 

V- ■ x/m = kC^/" : .(E-7) .( 

Where x/m = the mass (x) of the element adsorbed from sx)lution per 

. unit mass of adsorbent (m) 

" . • k,n = constants fitted from the experimental data .. 

C = the concentration . or activity of the metal ion in - 
solation phase at equilibrium 

This expression is essentially empirical but has the virtue of having an 
apprdpriate form to fit the graphical shape of many metal, adsorption 
data. An example is shown in Figure E-3. - 



FIGURE E-3 , 

TYPICAL ADSORPTION ISOTHERM FOR METAL SALT, 
ADDITION- TO A SOIL- OR SEDlMt NT -WATER SYSTEM 




A second approach (Langmuir) assumes that no more than a monolayer of 
the adsorbing species will "attach" to the avail able "surface, resulting., 
in a /. maximum capacity generally designated by the symbol b. , haying 
the ;^ame dimensions as ' x/m. When -the theory is applied to gas 
adsorption to "clean" surfaces, the spots, or sites where the. molecules 
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attach are either occupied or vacant. . Aquebus}systenis may contain 
competitors,: for occupancy, including water molecules ^ ;j)ound protons, or 
other chemica] entities in solution phase.. The theory assumes that the 
K in the expression below is- constant over the worting range of , x/(p. 
K is closely, related to heat of adsorption in the sblid-gas systems .to 
which the theory was i^nitial ly appl ied. The assumption of c;o,nstancy of 
K is tantamount yto assuming a single type of site of .thai-^s^ll sites 
have equal energy. ' . ; if, -i^-s 



' ■ ■ •. • . . . ■ ■ /-^^^^^ '''.fiy^A ' . 

The working Langmuir expression is: . • v /^ • 



... ■ m 1+KC . 

Ellis and Knezek list number, of studies in which either Equations E-7 
or E-8 have been reported to fit trace metal adsorption isotherm data 
[59]. It should be noted that at low C the expression is linear, 
wKich is essentially true for many hydrolyzable metal fons^ . 

The third major approach is to consider adsorption. as an" exchange pro- 
cess and then to express the relationships in usual exchange functions 
such as the selectivity coefficient (Kg). Babcock [43] and.Helfferich 
[60] describe the. numerous exchange expressions and .the nomenclature of 

'the field. The model is one of- a section of aqueous fluid (the film of 
water and io,ns in the interface between the surf ace and 'bulk aqueous 
solution) that' is designated as the exchange "phase," while the inter- 
stitial fl,uid (the aqueous solution that can move under the influence of 
gravity or hydraulic gradients) is designated as the solution "phase." 
The two phases can be distinguished experimentally by defining as 

•solution phase the equilibrium fluid and its ionic composition passing 
through a -column of soil and determining the exchange "phase" 
composition by difference or by direct an'alysis. In fact, the boundary 
between the- two "phases" in the column is probably diffuse. 

Early in- the operating life of a land treatment systeiti, adsorption 
nnodels will . be more appropriate than ion exchange models'. As more metal 
4,c ,-nv->,. — ..u. — At high pH 

ts 
been 



Most laboratory studies are adsorption studies, meaning that the metal 
is furnished to samples in increasing amounts, the mixture is 
equilibrated, and distribution measured. F^r fewer studies 'examine" 
desorption, i.e., a loaded.adsorben]: is subjected to successive volumes 
of aqueous solutions^ to determine,;a'gain ;the equil ibrium amount of : x/m 
versus equiilibrium soTutiorticbncentriiti^on. At high loadings, the 



desoH>tio'^ ciitve is -bften' ^^v^r^ to the adsor^pt^idphv^ip^^ 

Hipweyer*:^ ' significant hysteresis -hals ' been obsefved duri n'gV<ie^^^ . ■[ 

. -measureme^ [61 , 62L : At low 1 evels-of xadmium,, Jl.om^ found %stere^^^ 
'^*in the! direction awc<>fls1derably "lower sol ubiVi^^^^ during desorption ;.: 

It ii blear . that 'the : desorption behavior is of great importance in 
^rediQting leachiog or ' downward movement 'Sf metals.' The scarci.ty of 

. such rds^^^^^ as wiell as of accurate data 1n the range of low loading, is-^ 
serious • obstacle, to predicting environmental, behavior of many of the' 

*• metaU'^-v . ' ' . - 

' :■. ' E-i^;4' ki hetfcs of Metal A(}sbr|)tion ./ .. " /V * ^^ 

Leei)&r uses the term "reversion" to describe :th^^^^^^^^ a soluble 

,;mfetal ion. in soil to insoluble "second-" or "third-class" forms [411. 
•'ler^^^^a ' indicates that these processes ban /Vary- from . very slow to/ very 
' ■'fa^^^^^ Simple Ion-exchange processes are ordinarily quite, fast, having 
first-order "half -react! on" tiftes of a few minutes [60]. Reac1;it)ji rate 
curves fQi^^-:^etal . salt addition^: to soils tend to f each 1^^^^^^^ 
steady/ sV^''^*" i" 1 *o 2 hours 1:4$]. A few studies suggest;; ^ 
that a sl^ reactionis) exists whJich continues oxer long peHod$:^a^^ 
converts.,,.^s5nte of the^initial product to thi^seCondar^ ; 
. Both irtitiirejtt and 4iVect evidence -suggests thatimuch^. if not ail,,, of the V> 

modest r'feHlli^ soil of zincJ sulfate remains fdr^^ 

. sweral years i n 'read!i1y avail able but immobil e f<>rms-Hr63, 64]r 

: It thus appears that more facts are needed to establish mechart.isms and 
: rates of the slow reaction of metals in- soils particularly over a range • 

of soil metal content. Although evidence suggests that significant ^ 

percentages of the small amounts, , of. ii^^^^ sulfate ' 

• fertilizers remain in . the' specifically 'S^'dscy^b^ labile form, the 

important question /is whether the sai^ie isf^'€yf(ie for^ much h-igher; 

application amptrnts of zinc and' other metals. ' , 

' \ . ■ • • .4' ' • ■ 7 ' ■ ^ • - ^- ■ ■ 

. E. 5 . Environmental Benefits F^om Metal Addition to ^^bil. , 

A soil.lVdeficiency" of an essential plant nutrient'-can be defined as the • 
Condi tifon wliere rate of supply ta the roots of the plant is insufficient 
to fulfill the functional demand of the plant. The deficiency ,is 
expressed in '.various^ ways, .including reduced ^^irowthj lowered 
photosynthetic or .respiration rateS', and- anatomical ^d^^^^^ and ; 

changes ^ in 'dominance of plant >igmentst;^ Most -deficiei^sMi are specific 
as to site and/or plant species. Small applications''(Jf ^the deficient;^^^^ 
metal to either^the sp.il or the: foliage are of ten sufficient to overcome *.vv 
the .deficiency.- ' Any a,dd1tional' application has little, apparent effect 
on: plant growth up to iia drastic diminution in growth from phytotoxicity. - 




of" this plateau in the dose-response curve is dependent bii'.. 

in question [<82]. ■ . - : ■■ '^l. 

^f P^r\g ;the trac(^; ^V^ments that, can. be deficient tin : W boron, 
V mol^deipm, and^zinK ClassicaVtecfiniquies;;^ such 

• ::; idef^^^ Murphy and Wal sh 

'[65]. Most amendments used^fDr/.tK^^^^ high concehtnations 

of thie. element and a're applied ^it:\rafe^^^^ .22 lb/aerev^(25 ^ 

/kg/ha) , of . metal for copperVa^- iin^^ than 2,/^ lb/ acre J 2. 5. jc^ 

i>f; boro;fi,^ an(|: lel&s than 0.4^ Tti/acre^^ 

Hence, WtJtisVtrace-^^ quantiti^ 
of the ' eV^^^^ are required,, to- all e^^^^ problem. Any additional 

input througih continued use of. the wastewater is unnecessary. 

■ .'• ■ •••• •■ •■. .:' ".'''^v -. .-. ,. 

The secondary benefit of metaVaddi t'ion to .soil is imptpv^ment of the. ^ 
quality of. the plant or plant paH -as a food for animaVs^ and humans'. 
Human diets' . are only marginally sufficient in zinc [66]. Some 
yindividuali' ;^^'v^ have much higher "'n&qulfOT^ than the gene/al; t 
populatiipn^*-);;Increased^ zipc contents ' of >pl^ntS;r response to zihc 
addi tions to-^ ;so.il vare rapld/^inf t^ th^ri ' 

^ ; in : the fruits: or ^ses^ds^-^^^^ 67].; Generalized kcji^ zi'nt;- 

'7;^ In plant tissUes:;:^SN^/t|^^ of <soil i^s iticreased through! 

;., y.>;appl ication-:of sol ubie.;o^^^^^^ of zi nc is presented in Figure ' 

This; performance pattern has many e)Cgeptions but aTt^elsdnabTe tirs^^^^^ 
appr.Qximatipn for discussion. •FiYst, ipost foliar 'tis suTeV'h^^^^ 

~ cont&rfts of the metal than fruits, ^i^^eds^y or grains>^^'$:eifcbn^^^^ 
deficiency level s, since small incrismentsrof^^dded zinc cause dddit^^ 

• growth, the extra bipmass tends to dilute the extra metal taken 'up'^^^^^ 
the substrate^;!keeping foliar concentrations relatively constant.^- When.-^^^^^ 

: the soil , /T#V^^^^^ raised above the deficiency threshold, plant tissue J 

. concentrltiori^^^^ ^iric tend to increase .1 i nearly [66].* The slope of 
this incr^t^se is much greater for foliai^et^'^a^^^^^ tissues, 
which •;:spmetimes have no detegtable'^^'crelise^^ Jhe slope of the foliar 

1; curve ^j;^^^^^^^^^^^ different for , different V^^^ species. At. very high , . 
levels 'S(f/ addition, uptake may becomeVgurvil inear and tends vto reach a' 
maximum, j To a deQ^^^j the" dose-respb'nse performance discussed above - 
applies as ^well to other metals, . including copper, nickel , and cadmium. 

: ' ] } ^ 

. In generalizing ab.out^ plant performance, it is also important to 
recognize that some metals are not efficiently taken up by pVeyit roots. 
These metals include lead,.' arsenic, chroiriium, and, to a lesser' extent,^ ^ 
••'copper. ^ . i -v" ' •'■ 

The increased zinc pon^^nti of dfrectly cTonsumed plant parts :GoaTd be of 
some benefit .to human$.^ It is doubtful that grazing^ animal s woul d 

ERIC ..4 . . ^- ^ ^^5:.,. i ':.'!■' ' ■ > v . 



FIGURE E,-4. 



SCHEMATIC RESPONSE -OF A TYPICAL PLANT \ 
SPECIES TO; INCREASING. ZINC ADDITION TO A SO.I^L. 
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ZN APOEO TO SOIL 



benefiljNijT^eh, for zinc def.tciency of aniiili'aiTs is ofiert* the result of 
V^iineffective digestion anidlusfe^f. ^ [34]. These auttjofs 

;,^tso point out that mpstvpTa^ from plants suffering from 

^:2inc defieiency, is 10 ppm or g[reater,. ..They; c^^^ 

bptimum animal growth at 5 ppmviTV:tfie-<^^ 



rThe . potenttal' .Ijenefits from mqt^^^^ in wastewiater ; 

-dp'plied to land include enhahcement; cobalt avAilabiTity.vV^^C^^^^ 
def i ci ency of , ,.rum.i nant, aniinal> / i s >r^ : .most: . frequently 'in: the . 

eastern Van{lv"; e^ Uniled.StateSi, [34]. The, usual 

treatment . iS;.y to;f^^ in salt " or : as a rumen bolnjii^ and " 

f er'til 1 zati on wi tfi- cbbal t - has been reported- to i.pcrease cobalt'- ley ^ , i n 
forage to adequate levels [68]v >Thus, cobalit .in wastewa ratse 
av ail abi li ty i h .sai I s :] where 'grazi n§ . ' r^mi nan suf^fer -f rpm ■ ;;cobal t 
.def i ci ency ^ al though- . sbme hi ghly treated wastewatersi 'rns^^^ be \^to6 low . i.n;^ 
icobalt to affect, so.il cobal t levels measurably. »v .^"^^.^ > — ' 



Another trace aTemeTil^ food/ch9in. beft6fi t could be the incovpd nation .of 
selenium • into^ -p^^ growing forages;, deficient in this'-'element 

.Although deficiency .of .this elemejit causes ''whivte muscle d^^^ 



sheiep and cattle, antiquated legal re^strictions prevent dietary, 
management of selenium.^ Large .areas of theUnited States are involved, 
including^ the west,;- northwest, and much of thfe, east [3(4]. As with 
cobalt, ^lipwever, V ^tf' is . questionable whether all treated wastewate^rs . 
would contain .sufficient quantities of selenium to affect soil. levels 
arid, in turn, forage contents. 

E..6 Environmental Impact From. MetatV Addition to' Soil v / * 

•E.6.1 Inputl^Gr'eater Than Removal * 

•J- ; , % ■ ^- •. :o, ; . ■,. • •. • : • 

'The rate of input of metal, fn wastewater is the product of^ibncentr^ 
and. volume. Removal ^of '. metal from the soil (rhizosphfere) can be by 
volatilization, by ^.leaching or erosive runoff, and by removal of the 
plant (or animal )r^1)ioi^ss which has acquired the petal by . robt uptake 
and subsequent internal iransfer. >^ 

.yolatil ization can be a ^^qifica^t factor only for sel^enium, arsenic, 
^■^ffnjt, mercury. the v mechanism can involve biological methyl ati on of all 
"^thyi^ elements as'rw&1T''"a^^^^^ reduction to the volatile metal for 

merciiry [69]. Loyf oxygen or ^^reducing Condi tibns' from flooding are 

generally ,^ri6cessary^M^^^ amount of either reaction. 

...>..'■■''.. ' ■ ■ 

Removal . . by}, physical erosion of soil particles to which metals are 
adsorbecl: .is., site specific and cart be controlled by- suitable barriers 
such as ^err^aces and/or grassed waterways to carry tailwaters. 

Removal by leaching downward through the soil with fpore water will 
generally be negligible [1 ], .^nl«ss.: 

■ ■ . ■ . \ " . , 

1. The soil is very coarse textured and contains\l ittle clay or, 
organic matter. 

■ \ ■ 

2. 'The specTfic adsorption capacity of the upper 'layers of soil 
fs approached and pore water concentrations begin to rise. 

' 3. There are present either significa%^<:oncentrations of strong 
.complex- forming ims ' (e.g. , 'chloride, . alkyl sulfonate, 
polyphosphates) or of low-rfiolecular-weight organic chelates 
such as fulvates. " •, 



Removal of metal by "jJl ant uptake followed by export of the biomass from 
the site" can be significant. Sidle et al. t70] define an accumulitipn ' 
index (A) as:. - ^ * * ^: 



•where Mw = 
Mp « 



: . • / -'^^ (Mw-Mp) 100 : (£,g. 

total -quantity of . heavy jnetaL appl ied ^ 
total, quantity retnoved'.annua.lly by nqrviesf 



The inde^^- which refldcts the percent of appl i.e^^metaj[^ regaining in the^ 
soil., was ■ evarluated for . copper, zinc,* cadmjum, and lettd^ddde(|| in 
was[tewa»ter to a corn, growing ^ite* and an aV»pa of Reed canSry grass. It 
ranged, from a. low of 7S.6% •for #lnc. in the* ?orr| area t!5 99.1%«foi' 
caditnum, alsio, in /the jcorn.area. ' Of the 40Veported indexe§, $4 were 
greater thary 90%.' Even- in *these instances of relativellf'small joiV 
loadings, inpyt was much greater than removal by crops*- ^ » . ^ 

Removal wi IT obviously be much <gi;eater if the plants grown, are seJected . 
•for their ability tiPaccumLCi ate and thus remove* metal s from soils [71]. . 
..(Any lise or disposal of suCh'plants shoultl be donft in «a jnanner that is 
environmentally- nonhazardous.) ^,Not only -do . species of plants vary' 
greatly in their capacity to accumul ate metal s [32] but metaV- 
concentrations may be orders of m'agnitude hig-her in . some parts, of a 
giv^ plant than in .others [72].* Thus,, removal by plants, can^ran^e 'from; 
e^ntial ly zero to *a substantial amount. ^ 

The foljowin^v simple m'S^eV and mathematical analysis may be helpful irj 
designing -or predicting system behavior. The assumptions are that the 
yearly.^ application rate of metal in wastewater is (ki) in dimensions 
of g/h^a'yr of the metal, and that the removal by plants is 1 i^fiear: wi th 
respect to metal concentration in soil as expressed in. the plant removal 
•coefficient (kg) having dimensions of 1/yr. 



The differential equation, for the model is: ' 

where C = concentration of. metal in soil, g/ha of metal, 
t = time,, yr = ' 

♦ . ■ ■ • »• • > - ■ ■ ' . 

This equation emphasizes ^ the* concept" that .input is not always much 
greater, than removal. Input, will equal removal when the^soil has 
reached a concentration equal to ki/k2; Therefore, the syS^tem will 
become steady-state at lower soil concentration if k^ is minimized. 

' ' .• 536', ^ ' ■ ■ ■ : ' 



This can fere" achieved by lowering concentrations of the metal in the 
wastewater and/Or*, diminishing the rate of wastewater, application. It 
can be achieved also r by maximizing kg that is, by selecting 
accufiulator plants and/or by/ selecting plants v/ith high rates of 

production of harvestablis biomass. 

" ' ■ • . , • ■ ■» • '* ■• • * ■ , . ■ 

Soilfc assumptions about a soil-plant-wastewater system leading to values 
"Of k:| and k2 are given in Table £-4. Plant uptake rate is high 
and would .be valid only for an accumulator plant. Some plants take up, 
cadmium at one-tenth^t this rate [73]. The biomass production >s also 
high and assumes vigorous growth throughout the. spring, summer, and 
fall. The removal or harvest includes all aboveground portions of the 
plant. ' / ft 



' TABLE E-4 

" . .' ASSUmiONS^ AND SELECTED PERFfiRMANCE VALUES USE 

T^ CALCULATE CROP REMOVAL COEFFICIENTS k2 AND YEARLY x , 
APPLICATION OF METf^L IN WASTEWATER k. FOR EVALUATION OF CADMIUM 



Assumptions ' 



K Plant uptake rate- |j^.9ll^-^F4i^n A5 plant ^^^y 
■ *^ 1 mg cadmium/kg soil 

2. Plant bioi^ss harvested and removed 
■ - 10^ kg/ha. yr. 

*^ 3. ■ Cadmi um mi xed Jnto upper 20 cm soil ^ *^2 " t^.0033/yr 

4. Low cadmium' soil below 20 cm has.no effect 
, on cadmium uptake. ' « • 

. 5. Soil mass (l>'ha'. x 20 cm) = 3 x 10^ kg, , . 

1. Wastewater a'ppplication rate - 100 cm/yr 
K2. Cadmium in wastewater = 0;1 .ing, cadmi um/L 



k] = 1 1300. g cadmi um/ha-yr 



ERIC 



With these assumptions -and selections, the maximum concentration per 
un*it soil area' (C^^^)' at t = ~ .will be: 

maX 



■1 000 , .,^5 



W = k; = 0S33 = 3 ^-lO-g/ha (E-ll) 



In 20 cm.^ of this soil, the gravimetric Cm^x = 100 mg/kg. At such a 
high value, some of the simplifications in the mpdel would be violated.; 
first, the metal would not remain confined to the upper 20 cm but would 
move downward somewhat, lii addition, phytotoxi city from cadmium^ and the 
coj)per, zinc, and nickel ^also added in the wastewater wouVd probably 
decrease bioma$s production rates. 
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t)n the other hand, 1f cadmium concentration in the wastewater were; 
diminished .to 0.01 mg/L, C^iax would be 10 mg cd/kg, a . soil, 
concentration tolerated by many plant species [74]. If the. wastewater, 
were effluent treated to contain less* than 0.001. mg/L, the soil 
•^max wOul.d be less than 1. mg cd/kg; This: is the value considered by 
Flei:scher<<^t al . to be an upper limit for unpolluted soil s [33]. * ./ 

This analysis does hot explicitly include, time as a variable. Therefore 
the differential equation (E-IO) may be integrated specifying that 
C = Ci, the initial soil xonterit, at t.= 0. 

' ■ ■ ' k ■ • ■ k ■ • • 

. C + (C.^ - expl-kgt); .(E-12) 

From this itr- is clear that C will never exceed ki/k2 at any time, ^ 

Even, thpugh C. is fixed by the \defining differential .equation, the i 

when G = Cmax is indeterminate. Even so, -an impression of the time 

" behavior of the system can be gained by calculating t^, which is the 

time when C = fC • Selecting k2 = 0.0033/yr and setting = .0 

(which i s tantamoant to the .case|where C .«Cmax) , we obtain . the 

relationship plotted in Figure; E-5. The/calculated' accumulationf of 

cadmium in the soil at constaat annual input of 1 kg7lia-yr is shown 

under two conditions: (1] no removal of cadmium from the ' field .and 

(2-) removal at a rate controlled by the biomass. removed, assuming^ that 

cadrtiium concentration in the plant material is a linear function of 

cadmium- in the ^pil. numerical values for the time required to' achieve 

selected fractions of C^^^ are as follows.: * , 

■ • max ' ■ 

. • ■ ■ : ■■ ■ ■ :; - 

- • ." ■ ■ .:L1_ tf (yr) 

. ' ■ 0.99 1 382 

0.50 -208 

. • 0.25 86 ' i " 



These values change slightly with the value chosen for C| and the 
degree to which the assumption of negligtbility of C^. i& violated. ' 

This analysis for the metal cadmium suggests that removal by^Jants 
(which . includes harvest and biomass removal) may not be negligible^ It 
may also be possible to extend this approach to other metals, sucR4 as 
zinc and nickel. . The uptake of these metals by some plants afso 
increases as soil mental content increases. Thus, the performance of;a 
land treatment system might be roughly managed by judicious selection of 
plant 'Species. . " 
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FIGURE E-5 



CALCULATED ACCUMULATION^ OF CADMIUM'In SOIL 
AT CONSTANT ANNUAL INPUT 




. -time: yr 



E.6^2 Phytotoxici ty ' j . 

According %o general principles of biological behavior, any substance 
administered in sufficient quantity and by an appropriate route can 
become toxica to \a given organism. In the classic dose-response curve 
[32], at low substrate levels of an essential mineral element, the 
organisms or one or more, biochemical subsystems in the organism operate 
suboptimally. As* the substrate leyel or concentration is raised, a 
threshold plateau is reached, and at some still higher^'level toxicity 
ssets in. That is true for the biologically essential trace metals, such., 
as copper and : zinc. For cadmium, however, lowered biological 
performance cannot be demonstrated at very low levels of cadmium in the 
substrate (nutrient solutioq,, soil, etc.), so cadmium Is among the 
elements which "is not , known to be essential," On the other hand,, 
cadmium, like copper and zinc,. is easily demonstrated to be toxic to 
plant growth. 

Bowen presents summary infqrmatii^on on toxic levels of nearly all 
elements [32]. Instances of natural phytotox'i city are known. The mdst. 
widespread and well.^nown are phy&otpxic levels of ni'^kel in serpentine 
soils £75] and of boron in arid.zwe soils [76]. . 



A number of reports detail, the creation of phytotoxic conditipns in at 
least a part of the rhizosphere from copper residues if rem Bordeaux 
V sprays [77], from zfnc sprays [78], and the classic situation of 
. persistent . phototoxicity from -arsenic residues in soils, of old apple 
orchards spicaiyed with lead;.ar'senate to control codling mo.th in the era 
before DDT,, [32]* Even --v^en the. chemical (s) are no longer used, the 
phytotoxic condition is often reported to pe^sisrt for deca'des; and fn 
the ...case of nickel in serpentines; the persistence is for centuries and 
millennia* This' backgrourrd wbuld certainly suggest prudence in 
developing standards for maximum soil accumulation levels, especially in 
cuT^rently^ productive soils that are projected to be used in perpetuity 
for food production* , • 

4 . I ■ ■ ■ . t ■ " 

The'v. literature is rfiplete with discussion about potential phytotoxi city 
deyeioping from application of wastewaters and wastewater ^splids to 
soil s , [7^ The metals most ■ frequently regarded as potential 

phytJbtoxi city hazards in such materials are copper, zinc, and nickel 
\J^^ M^iM recent reports also emphasizing jcadmium [73, . 74]. Hinesly et 
^ai^v^; detect declreasing availabilify of cadmium after incorporation' .With 
- sl udge ta^^^ isuggest that the problem of phytt)toxicit:i( may ha^tg^ been 
"^heai^iy overstated" [88]. ^ -.^ . , ^ 

a' recent report by the Council for Agriculturai Science and Technology 
examines the potential effects on agricultural crqps and animals by 
heavy metals in wastewater sludges applied to cropland [8?]. The report 
concludes that many metals are not a significant potential hazard, 
either because they are generally present in low concentrations, are not 
readily taken -up by plants under normal conditions, or are not very 
toxic to plants- and/or animals. Several metals (particularly Cd, Zn, 
Mo, .Ni, Cu) are labeled as posing a potential serious hazard under cer- 
tain circumstances, however, with Cadmium presently being the metal of 
most concern. / 



For wastewaters, boron should be added. ' to the. phytotoxicity list. 
Unlike the metals, boron.as H3BO3 or as B(0H)4."is relatively less 
persistent, and phytohazardous soil concentrations' can be rembvedvfrom 
^ soil by leaching*' That is likely to be the\5ituatj.0n in most cases* 

An additional caution is that many ot^er possible metallic constituents 
exi^t in all wastewater and any unusual? use or disposal in the 
collection system may result in special "bj^icvc Chromium as 

anionic chrom'iupi VI is very Fjjhytotoxic [80]* However, any chromium 
--^nt©^2'4'n9-,_a^ treat^^ system in > this form wil^l almost certainly be 
reduced to^ dhromium III, which j is very, insoluble and much lower in. 
phytotoxicity. 

Looking a^ tbe-tjuestion in the long term, the most valid observations or 
experiments will be those that^c^n simulate .'conditions and properties of 



isoils that have had metals added in organic combination but now have 
only vestiges of the organics. because of i}io-oxidation over time. 
Furthermore, any tendency for sequestration by ropregi pita ti on or solid 
state diffusion intoday mi nera,l structural lattice positions will be 
reasonably advanced, if not at. virtual equilibrium, and vertical, 
distribution should be reasonably stable. Such a condition'might be 
achieved 1 to 5 decades after metal -pi us organic input to the soil 
ceases. Obser^atiqn of long-term treatment* si tes should be. valuable in 
this reg^d. 



The following can be concluded from the literature: / ^ • /V 

.1. Phytotoxic' buildup will never occur in some soils receiving 
wastewaters, because they contain too little clay and organic 
. matter to serve as 'a Enucleation surface for accumulation. 
\ These highly rocky, gravelly, or sandy •soils will simply 
transmit the metals to underground regions of finer textures 
or to underground waters. . 

' s2. . Metals may eventually accumulate to phytotoxic levels in all- 
_ . other , soils. The threshold .will depend oh the plant species; 
j - soil pH, surface area, and the combined levels of the metals 
: I accumulated. The critical factor is obviously the rate, of 
\'^.^'. metal inpiit,. ^wl^ich is the integral of volume applied and 
/. ^ concentr^tipnr.^in the wat^ew^rter. Depending on the quality of 
* . trea'tiient process, this time might range from 50 years to 

^' '-■ ^;ipfi ni ty ' if advanced wastewater treatment /processes' are . used. 



Threshold, standards haye been propos-ed for preventii^^^^^^^^^^ 
of metals. One of this early proposals was the z^rt^^eq^^^^^ 
of Chumbley, which states that the soil should hd^ijf di\^^ 
the maximum additiorirof metal to a soil should,not exce^ed 250/ppm zihc 
or its combined equivalent of zinc plus copper plus. nickel*[90]. An 
equivalent of copper was calculated by taking double the''* actual 
gravimetric addition of copper, while for nickel the multiplicative 
factor was\ eight. This was based on assumptions that the toxiQity-qf; 
the three metal s'iR combination was additive and tti£it copper was twice 
as toxic; while nickel was eight times as toxic as zi./ic. Leeper noted 
that the. formula lacked any ^ factor to account for -the differentiiail ^ 
capacity of different soils to accept metals [41]. A further. difficulljy 
is a jgeneraV lack of an experimental data base to suppbrt ' the 
assumptions of additivity. and of , relative contribution to toxicity.^ 
King and Morris do suggest that their data show an additive effect- for 
copper and zinc [86]. ^ • ' 



Other proposal s to cal cutate-^ a 1 imi ting application quantity \i nclude 
those of DeHaan [83^ and Water Quality Criteria [91]. , No existing 
experimental evidence gives impressive support to one • or another 
approach to calculating a threshold' for maximum all -time* .input to 
^prevent future phytotoxi city. ' ^ . • ; " 



One question, "^in studyfng toxicity^ is the point in .the response curve 
whkh clearly iod^icates toxicity • In" any greerihotfse study, plant growth 
and performance varies considerably between pots'of^ the same "treatment 
(including the check), thus making mandatory statistical experimental 
design and treatment 0/ the resulting data. Field experimentation data 
usually have higher coiefficients of variability because a wider range, of 
parameters affectingr pi ant growth are hot under experimental control. 



One tech ni<Tue has* been to select a given yield decrement {percent 
decrease below the maximum yield) as a point in the dose-response curve 
where a toxic response is^ statistially defeasible. Bingham et al . [73,- 
74,] select a 25% yield decrement. as *a phytotoxicity index for cadmijum, 
^while Boawri .^and Ra.srtus.sen [92] select a 20% decrement for the same 
purpose in zinc phytotoxicity studies'. Such, indexes are very valuable 
ix)r discussion but tend to obsciire the fact that some degree of toxicity 
occurred at lower system Ipading. This toxicity could perhaps haye been 
detected!; with more sensitive experimental and statistical techniques.* 

A somewhat more conservative approach is to define a "threshold value" 
from a log-log plot of the dose-r^sponise curve shown, in .Figure E-6.» 
The; general approach is based.on the empirical observation that man of. 
theae- plots appear to be made up of two linear segments,- which then 
suggests 1 using" the antilog of the X-axis value at tJie intersection of 
the lines as the threshold. "^^v. Although it is 'Somewhat clumsy, a 
^.combination of regressioriL ahd/dir analysis of variance could be used to 
fit ' the data to two str^ightilines from which the intersectiorvpould 
then be calculated and used as, ;a^n^^ \ 



y-r.: ' MATTER ^ObLlcflON Of^ SWEET CORM-V^ 

AS ^VFUCTilON OF ZINC (ZINC: AGETATE)- ADDITI^ TO SOIL [93] 



Before this approach is ;adopted, another* factor should be discussed.. 
The nearly horizontal line at applidatibn rates below*. the threshold 
sometimes has a slope not statistically different from zera. At other 
times, the slope is significant and negative*.^ This can; be interpreted 

f»>as indicating an early meistiariism of toxication, -perhaps different from 
the catastrophic mechanism seen as the steep negative slope after the 
thresholdy.,, A | further suggestion would, then be to define a second 
threisholjp as.^<the intersect'ion of .the shallow-slope Tine (if it exists) 

_wl.t.h_ horizontal .1^ eqaSI to a maximum performance v^lue. The first 
(lower) intersection could be named ^the no^xicity threshold limit 
value, while the higher might be named tli^^^^ctl^^ limit value* 

Only the Tatter will be found consistently.^ r 

- ' •. : ' ■ ^ ■ . ' " ':: . ' : 

Thi.s r^ise^ the issue' c;^f. safety factor. ' Even though this acute- 
threshold val ue can be measured or .eval uated experime,p.t|il ly fbr ^ pi ant 
species growing, on a soil , iV^fs clearly, a function of both. That i^-; 
plant species ( and. perhaps c3tl^iy^^ va-ry' greatly in susceptibility to* 
metal toxication [73, 74, 92i,^^^^^ sail s. certainly vat^y in capacity to 
adsorb metals. . Furthermore," soil s . may degrade in this - capacity 
-particularly through'a decrease in pH^ Therefore,- thresholds should be 
tmeaisured with sensitive plants and at different soil pH yaluesvunless it 
•.can be guaranteed that the soiT. will be chemical ly managed to ^bave a pH 
•^' above^*;^^me^ arbitrary minimum.'"^ Some tolertance . fonnuVas contain the 
proviso thatv the . soil have, a pH val lie greater than 6.5. 

However, it 'is* difficult to guar;antee^ that -.i.JUture users of thist 
contaminated .'land will- manage the^ soi'l to /have higher pH values. 
/TJrtrough ^ neglect, pH vaTues of , ag'ricul tural /. soil s. may fall through 
pedogenic factors such as high Vainfal T and hf^h temperatures, causing 
, acidification. ot^ cases; soil pH may be, del iberately lowered 

V'through appl icatiohs of $,ul fur or other ^ -aci d-generati ng Qhemic;al s to 
v^in plant pests- as in the control of scal^ in potatoes.* Since. (for. 

• ppdojgenic reasons) soils that are aci!d are 1 ikely to differ con^siderably 
from neutral or alkaline soiTs. tnat are (c^-^ah be) acidified, it/vj^^^ 
recommended - that tJ^reshol d values. per;folrTnance curves) be estfmat^ 
or Observed at two- or more pH values. ;i?tSome soi1^ because; bf x 
Time content, cannot practical ly have their p.W^ below Zr) j^ :^ '' 

■__ . .■..;*»■."•'' 

Still ^ another index or diagnostic indicator to toxicity is plant tissue 
composi'tibTi; at^ or near ; .the ^tlrreshold of .^^^^^^ Such va]ueV fcir 

' several metals are present^«L>and discussed /by - Leeper [41] and for 
cadmium by Bingliam et al . [73, 74] and Iwai ^t aK [94]. Pa^fe points 
out that the , concept, has some val ue ; in ' determining the cause of 
diminished -plant perfdniiancje; biit since a positive diagnosis ij, by 
definitioni after the fatt, it has little val.ueVin designing systems to 

^ prevent phytotoxici ty [1]. ' f ./ 



■€vSr3 ' Food , Chal n Haza rd 

• ■ • ■ . ' ' 

The food chaiin involves acqalSltion of •the metal by plant roots, 
transport ;into edible porttons of the plant, and then consumptiorr by the 
primary consumer. The primary consumers- may be hamans as in consumption 
of grains, vegetables, and fruits, or they may be- animal s that eat the, 
forages and grains. Humems are secondary consumers when they .ingest' 
animal products. .' * 



The .question is whether the metal can be transferred in quantities, or at* 
rates that, . would pose, a chronic or an acute l^oxicity hazard td primary • 
or . see(5nai% - consumers. Except for certain -accumulator species [32], 
plants ,?t^j^%cel lent biological beff.ri^rs [84]. v That is notably true for 
nickel, Scopper/ahd,'..|^ [66, 70}^ Although lead toxi cation of animals 
.near .smelters 'i?,jippquent, .toxic concentrations of lead in pasture 
X&r'age' are generally believed to be accufiiulated primarily from 
atmospheric deposition rather than by root uptake and translocation [36, 
84, 95]. , ' • 



v'An :,excepti on to the pi ant ba.rri er ru3 e . e^unci ated above i s the potenti al^-i. 
V'ftr^v-toxic^tion;^ consgming-farages having either" a very high-^v 

or a' . very , low ' ratio of molybdenum] to copper. [I, 66]. ' PageVcbncludes ' 
•it^at liialybdenum afecamuTation in soils'- from wastewater solids .ap|>li'e^^^ 
;|4nd; subsequent . fncrea'se in fprage mblybdenum/Ccintent is "aVipb^^^^ 
.^pzard' to grazing", rumi.nants, :ispecially- wher,ie:...s^^^^ rieutriaV'(^ 
;^it,kal ine in reaction; [I:]. ./ !' v'^ >V:' ,^ 

For..;- the other fii6^'al:s;, mentioned above, the plant root; .ii generally an 
effdfjtive; barrier^ nickel , and copper,, the foot provides the 

..barrf.jep^^^^^^^^^^^^ uptake and, especial^ly., translOjcation" are low.; "Baumhardt.- 
and;.;,.^^^ a siqnificant but. small increase of lead in- corn stpver 

froml^^^^^ applications to' siiil (3 200 kg/ha) although the corn 

gral.rt content was only 0.4 mg/kg of lead and "not affected by application 
rate [?6]..;--Nb evidence of phytotoxicity was /observed. • ' 



Nickel and copper have the added protective mechanism of preeminence of 
phytotoxicity. Leeper .cites 'recent respective literature values for 
copper and nickel of 30 and 25 mg/kg plant tissue in plants at the 
phVtotoxic threshold [41]. Thus, not only i s uptake and= translocation 
of these elements low but the plant dies.or fails to grow long before it 
can accumulate a metal content toxic to a mammalian consumer. 



Zinc, in contrast, is more readily translocated to foliar tissues of 
pTants. Boawn and Rassmussen show 770 mg/kg of zinc as a high tissue 
concentration in spinach at the 201 yield' decrement (toxicity) threshold 
in plants grown on neutral and ° al kal i n,e soils spiked with various 
amounts of zinc nitrate (Table E-5) [92]'. The mg/kg of metal, 



concentration values for animal forage tissues at the 20% decrement were 
much lower, being- 460 for corn, 475 a^d 570 for sorghum, 540 for barley, 
560 for wheat, 295 for alfalfa-, and 252 for clover^ Underwood cites 
several • reports of animal tdxici ty feedf ng tri al s wi th zi nc and 
cpncludeitf^;. th^ rats, pigs, .sheep-, poultry', arid cattle exhibit- 
considerable tolerance to high zinc intake, depending'on the composition 
of the diet E66!l, Most of the reports show no pathological symptoms at 
a 1 OQO mg of zinc per kg of diet except ,in lambs, heifers, aad steers, 
which showed reduced gains thou'ght to be due to reduced feed consumption 
^because the high zinc content made th^ diets, less palatable. Higher 
dietary levels caused detectable pathology. "' ;.In. some cases, anemia 
developed in -addition^to depressions in. cytochrome ^oxidase and catalasie^ 
activity. The apparent lower zinc toxicity threshold for ruminants was 
suggested to be due to effects on rumen microflora. Zinc levels of 
4 000 mg/kg of diet caused internal hemorrhages in weanling pigs,-and 
VlO 000 mg/kg- caused heavy mortality in rats. Undejt:Wood. does not report 
information on zinc toxicity in humans* [66]. , - 

". . ■ ; TABLE- E^%:fH|i^^^^ \^[^ 

CONCENTRATION OF^CTC IN PLANT^^TISSUES-7^H^ APPtj|D 
ZINC CONCENTitAPtON IN^SOIL AT Tii^;m^^ 



Crop Tissue cor>tent Soil 



Corn 


460 


286;>" 


Swee^t corn 


.400 


231 ■ 


Sorghum^ • 


475 


175 


Sorghum 


570 


..2Cp. 


Barley; *' 


* 540 * 


::200 


Wheat \ / 


560 


.324 


^Alfalfa. 
Peas . 


295: 


. .456 


420 


- 






Lettude' 


430 


;^i5 


. Spinach 


. . .770 


, 400 


Sugar beet 


670 


r : 'U47 


Tomato 


450 " 




Beans 


257 




. 01 over 


252 


'500 


Peas 


490- 


500 


Potato:. 


327 


• 500 


Potato 


346 









V- ■' ■' 

thus, the que^dD/ftOf, fd.bd chain 'tr^i of toxi^Sii^ of z^nc 

cannot be disiff!issed as as with lead, cqp^Bp'f and nickeU It 

appears that -accumulator-^ ^plants;' at the"20% ynfelqk-d^re^^ 
threshold, /can atqufte coneentrat^^ primary; 

' r'Cdnsumers ei ther, through .. Toss of appetfte .^ or ij^umiy^ throiigh 
•negative efi'ectl^^n rumen, microti ora*' At. s.titT' higher 
•plant biomass prpductioir- ^i.>l dtliniriish arid z-inc cont^jj^wilpT^pVobably 
rise. It is payable that^^t^ combination of a sail haying In excess' of 
1 000 mg/kg of^pc'^qouTd produce forage which woul d giye- iovert tbxf ci ty 

/' symptoms ilii pf«5|^ This statement is supported by the.data . 

in Table 'R^smussen^ who generated the -data, used a Shano - . 

coarse , si It^^iipaf^^ from 7.p to7.5 [gz]-;- - 



Therefore, v^Q^^^^^ in excess of 500 jng/kg may cause, ' 
at least, a decl ine fit f^rMe lowered pal a tabili ty, and, 

at worst, , some overt:. tbM^^ ^ also -impbrtant to-^ 

recognize that sorte of'tho^^^^ below the 25(y 

ppm threshald [90] eVen^ttioug^h-^^^^^ 

' : ■■ ■'■ ■ ■ 

• ■■ . - . ' ■; . 

Humans ane probably pLrotectfe€ from food-^hafin transfer toxicity because 
^their diet ordinarily includes fruits, grains, and'animal meat. In ar^ 
'qases, zinc transfer from substrates high in zinc 'is much 1 ower intb 

these tissues than into foliar tissues of plants. 

Cadmium fs currently * the element of greatest concern as a' food .cha^in 
hazard to humans. • Its'acute toxicity has bben reported at 75 mg cadmium 
per kg diet of Japanese quail [97]. Acute. toxicity to humans. ^has been 
reported from consuming acidic foods prepared or served in cadmtum- 
platedMContainers [98]. The more -general" alleged hazard to humans, 
however; ns one of chronic toxicity, expressed only after long expo.sure|. 
Several ..' recent reviews present salient facts and thinking' about cadmium 
[98, 99i, 100]. ; ' . ^ / . / : 

Nordberg summarizes the known safety values for cadmium, including' the 
recommi^ndatiqn of • a joint committee of the World Health Organization 
(WHO) and the Food and Agriculture Organization (FAO) for permi^ssible 
weekly; cadmi dill intake, of 400 to 500 |ig/wk of cadmium (57 to 71 Vb/d of 
cadjiiium) [100]. United States regulatory agencies* have not established 
threshold tolerance dietary intake values either for individual foods or 
for the diet iri .general ^ [101}, except for the US PHS upper tolerance 
value' of 10 M9/L of cadmium for domestic water supplies :[J?1]. ' 

Most of humah intake of cadmium is through the diet except during 
industrial exposure, where the inhalation route may be significant:|j^9l. 
A great number of pathological conditions are ^ll.eged to be caused &|ir 
exacerbated by excessive^ cadmium intake [98, 99]. including the wi^fy 
pubTicized itai-Itai disease of Japanese women. Friberg et al . su^ggest 
that, the most sensitive organ in mammaU is the kidney, which 
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vadcumulates much^/ of » the cadmium: absor'beHd^ 'i^'--':- 
^ They claim that an established; threshold tbxlc^ 

at 200- mg/kg in the kidney cort^k [g^^ 'ft , ' k ;^ V^: V' // ^ w :;^ 

Base level, average .d^ 6 tary intake of i cadprtijjm^^ \ 

::.frqni 25 to 75 MSt/d for an adul t consuming ^1 •3: kg/d.of ^^^ Iiitake VA;^;' 

raties are Inqreased by :eat1ng organ meat;s a^v^^/^s^ ; 

" f^ods;v.notal>Ty : shellfish [9 (Fulkersforf and ;GoeT consider that : 

some f Reported ,^admlum values in tissue niay^:^ 

: anaTytltal problenis In the laboratory. ) ' V^ /;':^^,^/^^^^^^^^ , J ■ --.^ . • 

Frilj^rg *et al . propose a model of human toxtei ty i n whi^ 
projected over a .50 year period [99]^ It ;1s« ess^ computational / - . 

The major question is whe1?her soil Tevels pf ca^dmiumipan reach sortie • 
upper value which^ would allow* the transfer Of cVdmium into foofl^ " 
■ levels that ,Would^ cause toxicity in adult humans. - A numberv'o^-^r 
reports [67, 73, 74, 102, ,103] study the. xohc6n^^^ 
plant tissues that resul t from additions of .c^d^^^^^^ 

• to sludge .a(mended soils) . Other reports present ttssu^^^^^^^^^^^ 
•. from contaminated as well as yncontaminated':soil s 13^ 

: The studies* generally show increased plant ponterit with \ncr^^^ 
content except in rice grown under flooded conditions. : Up td^k^^^^ 
strongly a "function of plant species and pTarit orgail 1^ = 
properties, including, pH and "exchange Dapacity." ^Another te V :v 

for uptake to be approximately a ^linear function W soiX^cad^^^ 
content , but ' wi th exceptions . S i ne'e cadmi urn tends to ; i%e' parti ^^^^ 
[ excluded from, fruits, foliar; tissues - tend ta bf ;higher.^:th^a^^^^ 
; seeds, or grains, and roots tend to have the highest .concentrate 
(However, the edible portions of root:fcrops are not always 'inuch^^ K^ 
in cadmium th$n corresponding foliar tissues.), - ; : ; V ^ 

• • .. . '» ■ *. * ' '. • ■ • .J.- ■ • . ' ■ 

, The af Of ementioned studies do not diirectly answ6r the question •. 
/ Chain, hazard. ^v; 1 * the same, we have the'JapanfesG experience ;nn^^^ 
; Jintzu/Valley,' where it is legally, recognized that cadmium contamlriatt 
.t)f foodfproducing; soils by metaT-or^ wastes was^ the-prima^^ • 
some unusual di sease symptgins as^^wel 1 ,as many casjes of premature death ■ 
•[98,. 99]. ; Soil \ levels as well as dietary intake are not.extensiveTy j - 
reported, although Friberg et al . report data of Fukuyama and Kubota 
'[99] that contaminated paddy soils in the Jintzu River Valley contained 
. cadmium at - 0.2 to about, 4 mg/kg. The 'c£)ntaminated Jintzu River water^;^^^ 

• was used ^ not only to flood the rice paddies but also as a water source 
for.the'inhabitants of the vaTley. ' ; - ;: v ^ 

With the present United States system 6f food v production, and 
'distribution, it is highly unlikely that produce, from the relatively 
small land areas receiying cadmium in wastewater would pose any more of 
. a hcizard to the national diet than .foods naturally high lin cadmium such 
as shellfish. This presumes that foods enter -a system that. mi>;es 
. .products from many "parts^ of the country during distribution to retail 



grocery outlets.. 
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• On the other -hand, - if soils containina ted with high levels of catlmiuni 

• were" . used by ihdivitduiils -or familVeV for gardens in>hTch a high. 
. .proportion of the - family vegetable diet was- produced, The situation 
: , would become similar to that. in the .Jintzii Valley . The inhabitants of 
.that valley were appa'renUy highly: self-sufficien wiVth respect to food 
'%nd thus became ..unwitting vtctims o'f their deteriorating e'nvirbriment/. 
Urtijess the. la^id : that m^ight. be contaminated. by cadmium Ys . dedicated to 
^ othejr land uses, the; long- teriii hazard to intensive, °self-sn/fi pi e'ht 
food production mii&t be considered in design pf a land. treatinent, system. 
■■■ - ' ■.. / ■" : . ' -y - ' ' j-- .■• 

In sunifnary, direct application over, iB)?tende^ periods of raw, wastewaters^ 

that are high in metals can induce phytotoxi city in soil s/ diminishing 
; ;.|Jtheir product! ytty. Food-chain bazards to ruminant .animals may result^ 

from copper-molybdenum imbal ance^, in f(?rage. Preserft systems of general 
' . production and^ distribution\ ma^ke unlikely chronic cadmium tdxlseit/^^^^ 

humans. -from cA#ium transferred ffrom ' soil to vegetables oi^'^other - 
. directly consumed. pl ant.. parts; purchased in,, the ifiarket.. .' It 'is a 

• potential problem, -however if the soilvt?^ v 

However, treated wastewaters that have lower /metal concentrations 
achieyea by ; separation of the metals into sludges or by? advanced, 
treatment' techniques can probably be applied to land for many decades 
wi thout the creation/of, any foreseeable hazard. ■ j % \ 

.v"'-" ■ ■■ •■• . ■ ■ ■ i^^' - ■ ■ • ■■ ■ . > ' 

/E;7 References ; . # , ■ ' * ^.1 

V. . Page , A. L. F$te and E f f ects. of Trace El ements i n Sewage SI udg^ 
' When Applied to Ag(;icul tuMT Lands: A Literature Review Stadv. 
- : NTIS Repprt PB-.231-171 . .1974^ 107 pv ; / ^ ; 

2. Bradford, - G.R.;, 'f.Li Bair, and V^.-Hunsacker. Trace and Major 
Element Cofitents ?of • Soil Saturatix^l'; Extracts. SoiV Science. 

■ 112:225-230, 1971 .' -'^V . . — 

3. 01 iver, B.G. and E..G. ; Cosgrove. The Efficiency of Heayy,'Metafl 
X . Remqy.al ■ by a Conventi dnal Acti yateCsi udge Treatment ' PI anti, ' ■ Water 
; : Res'. '8:B69-874., ,1974.'% ' ' • ^s-t . : '?v V • ■. ; V. 

. f- •. ..." ^ - ■'■•■. ■>■■ • ■ • ■ i;i ■ ^■)'.:\ - ■■ . ■ * ■ '■ V- - g 

■ : ^ ,t 4.. ; M^^ Assessment ■ ^b.f the MaximUni ' c;oncentratioh::of Heavy 

f : ■ Metals ' irj - ■ Cruder, Sewage ' /Whi.ch Will not ':■ Inhibit th^iAnaerbbic 
; Di^estio)! of SI udge. _ Wate^H^Pbl 1 ution CohtrbT;. : 75::1 T9[^C ; 

^ 5. ' WoadX*' D.K. and G; -Tctvobianoglous. Treicet Elem^tlts in /Biological 
5; : Waste Treatment. . <-hJ6u|; WPCF 74:;i933rl945, T9;76^ >- v . 

'■^k Argo, D.G. and G.L,-. Cul p. .«Heavy 'Meta^Tis' P^^oy^^^ 
' V-.i^ Treatment Processes : Paf t 1 i water and:.S«\ijrag^ 19(8) :62- 

■ ■■■ ^' : ■ ^ v'^v^atf':::,'^^^*?. ^ 



1, . 



ERIC 



7. Argo,',D.G. and -G^l^v Gulp. Heavy.. Metals RerabV.al in Wastewater 
Treatnfent Processes: Part 2. Pilot Plant Operation.' Water and 
Sewage Wprkio 119(9): 128-1 32, 1972. ^^V>^v . 

8. Brown, ;H.6.V ' G^Py Hensley , G\L. McKlnney ,\ and . J.L. Robinsonr 
Eff leniency of . Heavy- -Metal s Removal in Miinipipal Sewage Treatment 
Plants. ': Environmental Letter. , 5:103-114, 1973. , / 

• . ' • • , . ■ • • 'vi • -v^ ■ . ■ . 

9/ Dugan,- P.R. Biofldccul ation and the Accumulation of Ghemicals by 
Floc-Formi rig Organisms. Environmental Protection Agency, Municipal 
Environmental Research Laboratory, Ginqinnati , Ohio. NTIS Report 
PB-245-793.^ 1975. . 

TO. Mytelka, A..I. , J.S. Gzachor, W.B,. Guggino, and H.. Golub. Heavy 
Mi5tals". in Wastewater, and Treatment Plant Effluents. Jour. WPGF. 
^5:1859-186^, T973.' • . : \ 

11. iKonrad, J.G. and S.O. KTeinert. Surveys of Toxic: MetaTs in 
Wisconsin: Removal of Metals' from Waste Waters by Municipal Sewage 
Treatment PTahts in Wisconsin. Wisq^sin Department of Natural 
Resources. Technical Bulletin. 74:1-7, 1974., 

X2. Ghen, K.Y., G.S. Young, T.K.'Jan, and N. Rohatgi. Trace Metals in 
Wastewater Effluents. Jour. WPGF- . 46:2663-2675,^ 1974. 

13.. Olver, J.W.^ W.G. Kreye, and P.H. King.' Heavy Metal Release by 
Chlorine Oxidation of Sludges. Jour. WPGR. 47:2490-2497, 1975. 



14. Linstedt, O.K., G.P. Houckj and J.T* 0*Connbr. Trace Element 
Removals in Advanced Wastewater Treatment Processes. Jour. WPGF. 
43:1507-1513^ 1971. ^ 

15. Maruyama, T. , S.A. H&nnah, and J.M. Gbhen. Metal Removal by 
Physical and Ghemical Treatment Processes. Jour.- WPGF. 47:962- 
975, 1975. . 



16. Netzer, A. iind J.D. Norman. Removal of Traqe Metals From Waste 
I Water by Activated Garbori. Water Poll ut. Res. Gan. 8:110-121,. 



17. O'Gonnbr, J.T. Trace Metals vs. Conventional Water Treatment 
Systems. Water and Sewage Works. 121(10):72-75^ 1974. 

18. Bisogni, J.J., Jr., and A.W. Lawrence. Kiri-etics of Mercury 
Methyl ation in Aerobic aad Anaerobic Aquatic Environments. Jour. 

. WPGF. 47:135-152, 1975. * . " . ' : 

19. Klein, L.M., . M. Lang,* N., Nash and L.A. Kirschner. Sources of 
•Matals in New-York Gity Wastewater. Jour* WPGF. 46:2653-2662, 

1974. - . v> 

20. Dean, J.G. , F.L.- Bosqui , and K.H. Lanouette. Removing Heavy Metals 
From Waste Water. Environmental Science and Technology. 6:518- 
522, 1972. 




1973. 



21. Stumm, W. and J.J. Morgan.. Aquatic Chemistry: Introduction 
Emphasizing Chemical ,Eflui 11 bria in Natura.1 Waters. New York, 
Wiley-Interscience* 1970. 583 p. 

• * . '■ ' • • * •• • 

22. Sillen, and A.E. Martell. StVbility tqnstants.pf Metal-jlon 
Complexes. London, The Chemical Society. 2nd ed. Spec. Pub. No.- 
17. 1964. '.it^^.. \^ ^ 

■ . / " ■ ^'^v • ■■. ^ ^ " 

23. Garrels, RwM. and C.L. Christ. Solutigns, Minerals ,and,Equilibria. t 
New York, Harper & Row. 1965. 450*'p. • ^.^'^ ' 

* • . . ■ * # 

24. Schnitzer, M.^ Reactions Be^een OnMnic Matter and Inorganic Sbil^ ^ 
Constituents. In: -transactions of^the 9th International Congress 

of Soil: Science, 1968.' l,:635-644. ^ — • 

25. Randhawa, N.S. and F.E. ffroadbent. Soil Organic M'atter-MetaV 
Coi^jj^exes: 5., Reactions of Zinc With Model Compounds and Humic 
Acid. S-oil Science. . 99:295-300, 1965. ^ 

■. ^ ■ ' ' - 

26. Randhawa, N.S. and F.E. Broadbent., Soil • Organic Matter-Metal 
(JBmplexes: 6; Stability Constants of Zinc-Humic Acid Complexes at 
Different pH Values., Soil Science. 99:362-366, V965^ • 

- . . . • i . 

27,. Tan, K.H.,^ L.D. King, and H.D. Morris. Complex Reaction of Zinc 

With brgdnic Matter: Extracted From Sewage Sludge. Soil^ Sci. Soc, ^ . 
AmerJ Proc. 35:748-:?52, 1971 . 

i28. Lagerwerff, J.V., G.T. Biersdorf, and D.L/ Browe];. Retention 6f^ 
Metals in Sewage SI udge: I. Constituent'' Heavy Metals. Journal- o^ 
Environmental c^juality. ' 5:19-23, 1976b ' — 

29. F.elbeck, .F.T., Jr. Structural Chemistry of Soil.Humic Substances. 
Advances in Agronomy. 17:327-368, '1965. ' . t 

30. Swaine, D.J. ^The Trace Element Content of.Soils. Commonwealth 
Bur. Soils Tech. Comig. 48. Commonweal th, AgM cul tural Bureau, York, 
England. 157 p. . 0 

3U Anderssori, A. and K.O. Nilsson./ Enrichment of Trace Ele^nts From^^ 
Sewage STtidge Fertilizer in Soils and Plants. Ambio 1 :1 76-179. 

32. I^owen, H^J.M. Trace Elements in Biochemistry. New York, Academic 
Press. 1966. *241 p. 

33. Fleischer, M. Natural Sources ' of Some Trace Elements J n thei^' 
Environment. In: Cycling and Control of Metals. Curr^y, M.G. and . 
G.M. Gigliotti (eds,). Cincinnati, National Environmental Research 

"Center, pp 3-10. ' 1973. 

34. Kubota, J. and W.H. ATlaway.* Geographic Distribution of Trace 
Element Problems. In: Micronutrients in Agriculture. Mortyedt, 
J.J., P.M. .Giordano, and W.L. Lindsay (eds.). Madison/Soil 
Science Seciety of America, Inc. '1972. pp 525-554. 



EKLC 



550 ' 

' E-37. 



3S. Siiiger, M«H« . and L. Hanson. Lead AccumuTation in Soil s Near 
Highways in the Twip Cities Metropolitan Area. Soil Sci. Soc. 
Amer. t>roc. '33:152-153, 196^.* 

.3^. Knight, H.D. and-R.G. Burau. Chronic Lead Poisoning in Horses.* 
Journal of the American Veterinary Medical Association. 162:781- 
786, 1973. ' ' \ . 

37:. Miesch, A.T. and C. Huffman, Jr.' Abundance and Distribution of 
Lead, Zinc,^ ^Cadmium and Arsenic in 5oils. In: Helena Valley, 
Montana, Area Environmental Pollution Study. Environmental 
Protection Agency, Office of Air Programs, Research Triangle Park, 
N.C. Publication Number AP-91. 1972. pp 65-80. 
' . ■ * ■ ' ■ ' ■■ 

38. * Boawn, -L.C; and G.E. Leggett. Zinc Deficiency of the Russet 
Burbank Potato. Soil Science. 95:137-141, 1963. 

39. Hodgson, 4 J. F. Chemistry of the' Micronutrient Elements jn Soils. 
Advances in Agronomy. 15:119^159, 1963. 

' '* ** '• . ' . • 

40. Lindsay, W.L.' Inorganic Phase Equilibria of Micr'onutrients in 
Soils. In: Micronutrients in Agriculture. Mortv^dt, J.J., P.M. 

, Giordano, and W.L. Linds'ay (ed.s.). 'Madison, Soil Science Society 
pf America, Inc. 1 972. ''^P 41-57. 

41. Leeper, G.W. Reactions of^ Heavy Metals With Soil s With Special 
♦ Regard to their Application in Sewage SI udges. Report to the U.S. , 

Department of. the -Army, Corps of Engineers. DACW73-73-C-0026.. 
1972. 70 p. , . -r 

' ' ■ ■ . . • ■ * 

»42. Stevenson, F.J. and M.S. Ardakani.. Organic Matter Reactions 
Involvfng Micronutrients* in Soils. In: Mic-ronutrients in 
Agriculture; fl^ortvedt, J.J. , P.M. Giordano, and W.L. Lindsay. 
• (e(*s.). ^ Madison, Soil Science Society of America, Inc. .1972. pp 
79-114. v# 

43. Babaock, K.L.' Theory of . Chemical Properties of Soil Colloidal 
Systems at Equilibrium. Hilgardi.a. 34:417-542, 1963. 

■ 44. Irving, H. and R.J. Pv^m Williams. J)ie Stabil ity of Transition-Metal 
Complexes; Journal of the Chemical Society. 1953:3192'-'3210,- 1953. . 

*'2^5. Blom, B. Sorption of Cadmium by Soil s. U.S.' Army Cold Regions 
Research and Engineering Laboratory, Hanojter, N.H.f Research Report 
^No. 320. 1974. y32' p. ' ^ 1 ' " , - 

- . , ' ' J* '* 

.46. Bittiefll, J.E. and R^J. .Miller. Lead,_ Cadmium ^and ^Ca^cium 

^ Selectivilgf . Coefficients Montmo'rillonite, ' mite and . 

Kaolinite. JournSI of Environmental Quality. -3:250-^53, -1974. 

2f7. James, R.O. and TiW. Healy. Aijso.rpti on of vHydrolyzabT^e Metal Ions 
6t% the Oxide-Waten^Intefface.n I. C6'(II) Adsorption on Si02 and 
TiOx as Model Systems, ft Coll . Interfac^Sci . 40:42-52, 1972. 

- . / , , E-'38 

O • •' 4. ■ ■ 1 ■ ... 



ERIC 



48. James,' R.q_. and T.W. Healy. Adsorption^ot Hydrolyzable Metal Ions 
at the Ox^' de-Water Inferfa.ee . -I I. Charge Reversal of -SiOj, and 
TiOo Colloids : by Adsorbed Co (11), La (III), and'Th (IV) as^Model 
Systems. J. COll. Interface Sci . 403^3-64,1972. 

49. James, R.O. and T.W, Healy. Adsorption of H><lrolyzable Metal Ions 
at." the Oxide-Water Interface. • III. A Thermodynamic Model of 
Adsorption. J. Coll. Interface Sci . 40:65-81 , 1972. • 

50. LoganathanT P., R.G« Burau, and D.W. Fuerstenau. The Influence of 
pH on the Sorption . of Co2+, Zn2+ and Ca2+ by a HydrouS 
Manganese Oxide. Soil Sci. Amer. J. 41:57-62. 1977. 

■51. Leckie, J.O. and R.O. Jantes. Control Mechanisms for Trace Metals 
in Natural Waters.. In: Aqueous-Environmental Chem-istry of Metals. 
A.J. Rubin (ed:)'. .Ann Arbor, Ann Arbor Science Publishers,' Inc. 
1974. pp 1-76, . . ■ ■ 

52. Ju'rinak, J.J. epid J. ,. SantilTan-Medrano. The Chemistry and . 
Transport of Lead and*; Cadmium,- 'in Soil s. Utah Agricultural 
Experiment StatiorJ, Utah State University, Logan. 1974. 121 p. 

53; Hem, J.D. Chemistry and Occurrence of Cadmium''and zTnc" in'' Surface 
Water and Ground Water. Water Resources Res. 8:661--679, l972. 

.54. Gordon, L. , M.L. Salutsky, and H.H. Willard. Precipitation From' 
Homogeneous Solution. -New York, John Wi.ley and Sons, Inc. .1959-. 
. 187 p. / ' . ' 

55. Krauskopf, K.B. Sedimentary Deposi.ts'of Rare Metals. In: Economic 
. Geology: 50th Anniversary volume' 1905-1955. A.M. Bateman (ed.). 

Urb'ana,: Economic Geology Publishing Co." 1955. pp 411-463. • 

56. Nickei. Committee on Medical and Biologic Effects of Environmental 
0 Pollutairts. National Research Council, Division of Medical 

Scienclj^ Washington, D.C., National Academy of Science. 1975. 

.277. p.. ; . • . . 

57/ Taylor, R.M. The Association of Manganese and Cobalt in Soils-- 
Funther Observations. . Journal of Soil Science. 19:77-80. 1968. 

58. Bingnam, F.T., A. L. 'Page, and J.R. Sims'. Retention of Cu and Zn ,by - 
' H-Montmorillonite. Soil Sci . Soc. .Amer. Proc ,28:3bl-354, 1964. 

; . . . • • • , ■ ■ ■■ ■^ 

59. Ellis, B.G/ ^and B.D. Knezek. Adsorption Reactions of Micro- 
nutrients in Soils. In: Micronutrients in^Agricul ture. Mortvedt, 

r J.J., P.M. Giordano, a(nd W.L. Lindsay (eds.). Madison, Soil 
Science Society of America, Inc. .1972. pp 59-78. 

60. Helfferich, F. An Exchange. New York, McGraw-Hill Book Co., Inc. 
1962* 624 p.' . • ■ 



M ■ ' ' .E-39 

O 

ERIC 



61. Maes, Ar. and A. Cremers. Cation-Exchange Hysteresis in 
'. . Montfnorlllonite: A pH-Dependent Effect. Soil Science*. 119:198- 

202, 1975. ■ . ■ ■ 

62. Sinha, M.K., et at^. Chemical -Equilibria and Quantity-Intensity 
. Relationship of ^^inc in Some Acid Soils of India. Geoderma. 

13:349-362, 1975^. " 

V 63. Brown, A.L., B.A. Krantz^and P.E. Martin. . PI ant-Uptake-and-Fate of- 
Soil -Applied Zinc. Soil ^ci. Soc. Anier.Proc. 26:167-170, 1962. 

M. Brown, A.L. , B.A. Krantz, and P.E.' Martin, the Residual Effect of 
Zinc Applied to Soils. Soil Sci. Soc. Amer. Proc. 28:'^36-23&,, 
1964. ■ ^ ' 

65'. Murphy, LiiS. and -L.M, Walsh.^V Correction of Miclronutrient 
Deficiencies With Fertilizers. In: Micronutrients.in Agriculture. 
Mortvedt,. J.J., P.M. Giordano, and- W.L. Lindsay (edsj^). Madison, 
Wis., Soil Science Society of America, Inc. 1972.. pp 347-387. 

66. ' Underwood, E.J. Trace Elements in Human and Animjil Nutrition. New, 

York,' Academic Press." Third Edition. 1971 .. 543 p. 

67. Dowdy,; R.H. and,, W.E. Larson. The Avail^bil ity of SI udge-Borne 
Metals to Various Vegetable Crops. Journal of Environmental 

■ Quality. 4:?78-282, 1975. ; 

68. Percival, G.P., D. Josselyn, and K.C, Beeson. Factors Affecting 
the Micronutrient Element Content of Some Forages in New Hampshire. 

. New Hampshire Agricultural Experiment Station. Technical >Bul letin 
N6. 93. 1955. 34 p. 

69. Wood, J.M. Biological Cycles, for Toxic Elements in' the 
Environment. Science. 183:1049-1052, 1974. 

. 70.. Sidle, R.C.,, J.E. Hook, and L.T. Kardos. Heavy Metal s Application 
and Plant Uptake in a Land Disposal System for Waste Water. 
'• Journal of Environmental Quality. 5:97-102, 1976. 

71. Salmon, J.E* A Question. as to the Possibility of Utilizing Plants 
' • Capable of Assimilating Heavy MetaTs to Practical Ends. Biol. J. 
• •■ . Lipn. Soc. Abstract. 5:357, 1973. 

•72. Begg, E.L., R.G. Burau, and R.?. Rauschkolb^ Soil Enrichment 
Study: 1973 Row Crop Field Trials. Progress Report 1 to East Bay 
.■ Municipal Water District. University of California, Davis; Colle'ge 
of Agricultural and E|VironmentarSciences. 19^4. 84 p. 

73. Bingham,. F.T. ,Bige,..R,!>^^ Growth and 

Cadmium Accumulatron of' ' Plants Grown on a Soil Treated With a 
^Cadntom-Enriched Sfewage Sludge. Toxicity. Jourdal of Environmental 
Qua^y. 4:207-211 , 1975. ' . 

^ ; i- ■■ ■ [. ■ 553 . * V . ■ ' , 



74. Bingham, F.T. ,'- A.L.: Pa^e, .R.d. Manier, ana i.d. tianje. Yieia ana 
. Cadmium Accumulation of Forage Spftcies'c^in Relation to Cadmium 

Content of SI udge-MNended Soil. Journal of Environmental Quality. 

5:57-6Q, 1976. . ' • . 

75. Hunter, J.G. and 0. Vergnano. Trace-Element Toxicities in Oat 
. Plants., Ann. Appl. Biol. 40:761-777, 1953/ - 

76. Doneen, L.D. Agricultural Development of New Lands, West Side of y 
tHe San-. Joaquin Valley: Land, Crops and Economics.^ University of . 
California, Davis; College of Agricultural and' Environmental _^ 
Sciences, Dean's Committee. Report No. 2. '98 p. 

.77. Delas, J. La toxic'ite dii cuivre iiccumule dans les sols. Agrochim. • 
. 7:258-288, 1963. ; ■ ; ' 

78. Lee^ C.R. ajid N.R. Page.' Soil Factors influencing the Growth of 
Cotton Following Peach Orchards. Agronomy Journal . 59:237-240, 

■ 1967. . . ■ . .■ : ■ ■ ■ 

■ 79. Berrow, M.L. and J. Webber. Trace Elements in Sewage Sludges. J. • 

Sci. Food Agricv 23:93-100, 1972. 

8.6".' Turner, M.A. and R.H. Rust. Effects of • Cnromium on Growth and 
Mineral Nutrition of Soybeans': Soil Sci . .Soc. Amer. Proc. 35:755- 
758, 1971,. ' • ■ 

ai. Bradford, G.R., A.L. - Page, L.J. Lund,' and 4(1. Olmstead. Trace ^ 
•Element Concentrations of Sewage Treatment Plant Effluents, and 
Sludges: Their Interactions With Soils- and Uptake by Plants. 
.Journal of Environmental Quality. 4:123-127, 1975. 

•«■ ■ . ' 

82. Rohde, Gi The Effects of Trace Elements on the Exhaustion of 
Sewage-Irrigated Land. .WafeT-fol luti on Control . 6:581-585, 1962. ' 

'83., DeHaan, S. Land Application of Liquid Municipal Wastewater . 
Sludges. Jour. WPCF. 47-: 2707-2710, 1975. 

'84. Williams, J.H. Use of Sfewage Sludge on Agricultural Land and the 
' 'Effects of Metals on Crops; Water Pollution Control. 74:635-644, 

■ ■( 1975'. • : 

85." Patterson, J.B.E. Metal Toxicities Arising From Industry. In: 
Trace' Elements in Soils and Crops. Great' Britain Ministry of ' 
Agriculture, Fisheries and Food.' Tec+inical Bulletin No. 21. 1971. ; 

- '■ pp m-207. |. ' " 

- 86. 'King, L.D. arid H.D. Morris. Land Disposal of Liquid Sewage Sludge: 

II. The Effect on Soil pH, Manganese, Zinc, and Growth and Ch.emi'(?al{. 
Composition of Rye ( Secale cereal^ ). Journal, of Environmental 
Quality.- 1:425-429, 1972. 



.87, 



88. 



•89, 




90. 

91. 
92. 



V Hinesly, T.D., R.L. Jones, and E.L. Ziegler. Effects on Corn by 
Applications of Heated Anaerobically Digested Sludge. Comppst 
Science. }3(4):26-30, 19.72. 

Hi.ne^ly, T.D.'j R.L^ Jones, 'J.J., TyVer,' and E.«^L. Ziegler. Soybean 
Yield Responses and Assimilation of Zn and Cd from Sewage Sludge- 
Amended Soil . Jour. WPCF. 48:2137-2152, -1976. ^ 

Application of Sewage Sludge to 'Cropland: Appraisal 'of Potential 

Hazards of . the Heavy MetaTs to Plants and Animals. Council for 
• AgrictiTtural Science -and Technology. Report No. 64. November 
•■ 1.976;. •: ■■■ ■■ . ■ : - ■ ' . ■ 

• Chumbley, , G^-C. • Agricultural Development Advfsory Service. Great 
Britain Ministry -'pf ' Agriculture, Fisheries and Food. Advisory 
Paper No. 10. vig/l.-* : 1 • ^ ' . ■ 

, Water Qual i ty Cri terii^a^, Irrigation . Water. Washington^ - .O.C. , 
. National ^ademy of Sciences'.' 1972. 594 p.. ' < • 

Boawn, L.Ci : a.nd K.E. Rasmtisseri; VCrop 'Response to tjjc^ 
Fertil tzat.ion . of ".Alkal ine Soil . M' Agronomy vJournal'-. 6i3VB74--8'76, 



93. Byrau, . d.A. • ■-Zin^ Phytoto/icity, Threshbld 'for Sweet^ Cor^^a.^^ 
. '., Clay Loaim Soli,. Student Project Report. Depar.tjiient' of Lapd Air, 
. ". and Water RespUrcgst * University Of Cal ifornia / bavfs^ 

9,4.. Iwai.-/\l..',- 'TV Hara, 'and Y, Sonoda. Factors Affecting Cadmium Uptake 
by ' the Corn ' Plant. /^?^oi1. Science and PTa<i.t NUtpitipn. 2^^ :37-46, 



95: 



1975." 

Rains, D. 
Contaminati 



. 96. 

I -97; 
j .98. 

. f 

4 

•i - 

'99. 

100, 



Baumhard 
SoiT-Ap 
1972. , 

'Fox,, -M'.J 
Interrel 



f ul kerson. 
Element. 
■Brogram. 

Ffiljerg , 




ccumulation by iJild Oais' .( Avenq^ati va ) in-'-fi- 
ture^ 233:210-211 /.1,97l> 



d :L.F. Welch. LeSid Uptake' ai1<i|Corn; Growth-i^jth: 
Journal of Envijonmental^.(i|,Ti ty.. 1 .?92-94', 

Fry , and . M.E ; Ri chaaJjP^rt . ■ vlra El "eme%. 
evi Med.- U./ r:221r227;i^7p^ .V ' ■ *^ ' ^ 



nd H.E. Gbeller (edsv 
Ridjge National Laboratb' 
F-^-21. p,ak-.Ri'dge, fl 



g, U»^t al. Cadmium in the.E^ijvo. 
car Ri^bep Corporation Press, ,2nd edl^ -^ 




the'Di'ssip?^ 
:|^S G E nyi ronmeiji'ta 1 ' 



rdbewg, G.F. Health Hazards of 
bio- 3955-66, 1974. 




mental Cadmi tim Pollution;^ 




101. Jelinek, C.F. , K.R; MahafiPey, and P.E. Corneliussen. EstabYishment 
\:RegulatQry\>lt,ev.e,T;S ior Heavy^ Foods in the U.sr (Draft 

a peift#* Presenteid' at the International Conference onHeavy 
Ifi'e.Env.ironmeht. Toronto, Ontario. 1975.). . 

^i: -T.D. Mriesly, and E.L. Ziegier. . Cadmium Content of 
itom in^ ^'Sewage-Sludige Amended Soil. Journal of. 
>tail Quality?'. '"-ZraSl-aBa, 1973. 




^F^' . Release V of Cadmium From Clays and Plant Uptake. af 
:¥tm Soil as Affected by Potassium and Calcium Amendments. 
|i W 5:395-397,1976. 



APPENDIX F 
FIELD INVESTIGATION PROCEDURES 



F.l . Introducti'Dn 

During* the facilities planning or design -stages, it may be necessary Jto - 
conduct^detailed ^^^f^^^ to vedfy or refine design 

cri ter i ft Wh^n d^^ oh crop water requiremehts ane not avai 1 able , -es ti - 
mates ca.n be? made^ on the basis of 'prediction equations. When ^soiT sur- 
veys do not VP adequate data, i t may be necessary for a soil 
» scientist to conduct soil investigations, including soil map pi rjg^, samfT- 
ling^ and testing.- In this, appendix, several methods, of esttjnatingxt'op 
water requirements are described, and the steps involv(&d in? soil mapping 
and sampling are outlined. The significance of physical and chemical 
•soil properties as they relate to system design is discussed; hydrauT'ic 
properties 'Were discussed in Appendix C. / Procedures fbr measuring 
physical and chemical properties of soil arfe given, and gui del ines for 
tf\e interpretation of soil test results are presented along with 
suggested information sources. Techniques^ fop evaluating subsurface 
hydrologic properties to estimate groundwater flow were presented in 
Section C.3. , ' " . 



.^•2 Crop Water Reqqirements ' ' 

The water .requirement of crops, or evapqtranspiratiofi, is a major part 
of the overall water balance for slow rate systems. In areas where 
historical evapo^anspiration data are not available, it will be 
necessary to majce' estimates or tQ take measurements* Measurement of 
evapotranspi ration for specific crop rjequirements under field conditions 
prior to design is not usually practical because- of time limitations. 
The designer must therefore rely on prediction Equations. ' 

All predictions are based on. an empirical correlation between eva- 
potranspi ration and various measured climatologifcal parameters. Over 30 
methods' have be^pn developed internationally for different agt:pnomic and 
environmental copditionSv and. these are detailed in a recent ASCE publi- 
cation [1]. On* the basis of recommendations. made in a recent publica- 
tion of the Food and Agriculture Organization (FAG) of the Urtited 
Nations [2], four methods appear to have potential for widespread .use: 

' 1. Modified Bl aney-Criddle method \. 

* . ■ ■• * ■ . - , * ' , . 

* , 2. Radiation method * ; 

3. Modified Penman method \ ' * 

^ * 4. Evaporation pan method . . riP- 




F-l 



The method selected for a given project will depend on the; types of 
clTmatologicaV data available, ^Complete details *on the applications of; 
these methods are presented in the FAO publication [2]*. The proce-' 
dure?, in this publication are recommended because they allow corrections 
to be made for local! climatic Gonditiohs and are thus more universally 
appligable. In addition, the procedures have been developed for use by 
the practicing engineer who does not have a background in^^meteoroTogy , 
soil physics, or plant physiology. For an in-depth dispussion.of the 
fundamentals of evapotr^inspiration',j ^ the user is refere d to the AS CE 
piibTication [1]. • ' " / , / - 



Prior tQ selecting the prediQj:i on method, data from completed climato- 
logical. and agricultural surveys, specific studfes, and research on crop 
^water requirements, in the area of ■investgation .shoul d be reviewed. 
Available measured climatit' data should al so be reviewed. ..If ppssibie;. 
^njeteoroTogical and research stations should be visited, and the environ- 
ment, siting, types of instruments,' and. observation and recording prac- 
tices should be appraised: to evaluate the accuracy of available data. 
The * prediction method may' then be selected on the ba*sis of the types of 
usable meteorological data available and the level of accuracy desired. 
The types of data (measured or estimated) needed for each method are 
summarised in Table F-1. The methods are described very* briefly here 
alon^ with some general criteria for their selection and use» 



. TABLE F-1 

' TYPES OF DATA NEEDED FOR VARIOUS 
EVAPOTRANSPIRATION PREDICTION NETHODS 





■ Modified 




Modified 




Factor 


• Blaney-.Criddle 


Radiation 


Penman 


Evaporation pan 


Temperature 


Measured 


Measured 


Measured 




Humidity 


Estimaited ' 


Estimated 


Measured 


Estimated 


Wind " ' 


' " Estima^^^d .■ 


Estimated 


Measured 


Estimated 


Sunshine 


^ Estimated 


* Measured 


. Measured 




Radiation : 




Measured 


Measured. 




Evaporation 








Measured 



*Availab1e -from UNIPUB, Inc..,. 65U" 
Hill Station, New York, N.Y.. 1U016. 



Fijjst Avenue, P.O. Box 433, Murray 




The BTaney-Criddle. method, o as^BKi'i^d i^ [2], is 

recommended when otil^ vair iei^|Bure data are available and is best 



applied >fbr periods of one montlHH|re. It has been used extensively 
in ttie western United States andJ^^Pie standard method used by the SCS 
[3]. . In /the eastern United Staflpv it is less widely used and often 
yields estimates that are too lowXl]* ^ o - 

■ ' • ■ ■ ' . ■ ^ ■ . 

. The^-: radiation 1 method is recommended when tempera ture a nd radiation; or 
percent cloudiness data are avail aible. Several versions of the method 
exiist^ and because they were jnainly derived under cool coastal cbndi- 
tions, thc^ resultin^^^ evapotranspiration general:|y tends to be 
underestimated' E^J. . . > ' 



The " modi f^^ the most accurate one when tem- 

perature^ , humidity ahi radiation data are available.^ Along with' 

the radfation. method,' it offers the best results for periods as short as 
10 days. . ' ' 

Evaporation pans offer the advantage 'of responding, to the same climatic 
variables as vegetation. Depending on the location and surrounding 
envl-ronment . of the pan-, pan-data may be superior to data obtained by 
other methods. \Because of the'Hnfluence':of the :sMrrounding enviV-onment 
and the pan . conditton. :on measured evapbratidnv the: data must be used 
with caution. Pan evaporation data are bfest applied for , periods of VO 
days**or more.' ; . 

As mentioned, previously, - many. ' other predi cti on Methods m^^^ be used. ; 
Some are - based, on correlations vi/ith certain climatic cpndtti 6ns and; 
cannot be easily adapted to other conditions. For example, the Thornth- 
waite method, in which temperature and latitude are correlated with 
evapotranspiration, .was developed for ;humid conditions in the east- 
central United Statesl, and its application to. arid and semi-arid condir- 
tions will result in substantial underprediction. of evapotranspiration 
[1]. - Because . of its relative simplicity,, it has often been applied in 
areas for which it is notsuited. It is important to select the predic- 
tion method that , can make^ use/ , of the :available <iata and that can be 
cbrrected;for local Climatic cohdiiions* . 

Measurement methods such as soil -wat^r depletion br lysimeters^^'m^^ 
used if time allows, pr. if pilot .systems, are considered [4]. Other, 
methods', uSted mostly in research, are discussed in the ASCE publication 



F.3 Soil Investigations 

Most .renovation of wastewater takes plate in the first & ft (1.5 m) of 
the soil profile. A rather accurate, quantitative knowledge of the. 
properties . }bf this section of the . soil profile is necessary 'to design a 
land treatment system that vyi 11 operate wi,thin the infiltration capacity 
of -, the soil . In many, cases, prpspective sites are located within areas 
where a complete son T -survey has been conduc^ted. When data from such 
TSurveys-ffre avBilablev-the tasks. Involved in determining soil properties 
through field investigations, with the exception of .soil infiltration 
rates, are reduced to confinningo'nformation presentee;! in the survey 
report.-. ' . , ::■ v-\ :■■ 



If .diptailed soil surveys are not available, or more detai>l*ed information 
is .needed for the areas of interest, more' extensive field work wil 1 be 
necessary to define soil properties and their -fl^eal extent more. accu- 
rajtely. This work may .include detailed sOil mapping t.o defihe bound- 
aries pf -soil types within the area, field and la-b.oratjory analysis of 
soil to determine physica.l and chemical properties, and infiltration and 
permeability measurements to deltermine wastewater infiltration, rates. 
.Some guidance for conducting these investigatiOijs and for. interpreting 
soil test results is presented in this section and in.Appendix G.' It is 
expected that, in most cases, , a . qualified soil scientist wi'lV conduct 
the actual field work. _ - 



|=.3.1 Detailed soil gapping 

Boundaries of soil classification units on. soil maps are, of cour.Siie, 
only approximate -representations of the arrangement of units as they 
.actually; occur: BecausV of practical limitatton^ of map scale anc( the 
"number of field . observations, sail mapping unit boundaries generally 
contain only 65 -to 85% -of the desjghated mapping ^ limitation 
holds even for,, the detailed maps of standard soil surveys.. Thus, a 
.delineated area may contain a sigriiificant portion if soil that has pro- 
perties 'different from ^ those in:v-the designated soil ' unit, but these 
inclusions are present in bodies ^bo smari to be. delineated on the'^ map. ' 
Knowi ng the soil properties wi thin ;a small area may be very 'important in 
some cases, such as .'those involving ^tlie location of rapid infiltration 
basins. ■: Therefore, it is recommericled. practice to 'field check soil sur- 
vey maps to confirm the. accuracy of the inforria:.ti;on. provided and to 
define, and locate any signific:ant inclgsipns Of/'attipi^ 's^ 
might affect the. design of the sistem, such as.ini^^ 
that could adversely affeGt'drainage-vand perc6v|iPffi^^^^^ soil survey 
•maps of a prospective area are not available, Mb%p^^ 
mapping will be hecessary.. Detailed soil mSppin^^^^^^^^^ checks of* 

existing maps should be condu,cted by an experiehlrfed-'^ibi/l scientist or 
under -the direction of the local office of the SCS. 



The ' steps i nvol ved i n de tai 1 ed soi 1 mapping are desc r i bed bri ef 1 y heire. 

The. purpose"^ of the descriptions'' is n6t to provide a complete guide to . 
. sqjl. -mappirig, .but • to familarize the iiser with thfe basic procedures. . 

Texts that provide more complete information include those by Biipl et 

9l. [5l>and Soi 1 Survey Manual . compiled by the U.S. Department of Agri- " 
' cultUre'(OSDA Handbook No. 18) C6]4 - v . 

%Hhen preparing .a detailed soil map,, the first step is to assemble all 
available informitiron on soil i n tbe area of the pro$peqtiye;site. From. 
Vjbhis information, ' it siffeuld be possible to determine which soil series 
Ure likely to be encountered, during the mapping. Complete descriptions 
: of possible^soils series 'should bl obtained for compari son in the f ields 

The. second'^^step is* to. prepare a base map covering the >rpspect1ve site. 
. Aeria^^^^^ "proj'ect^^ to a ; scaliS^^ in the:; range of 1 :$>Opd'to 

. 1 :^4"o00 serve as convenient ' field .sheets on which . the. locatidrjS of 

boring sites may be recorded. The USGS has ortho photo .quads avaiVabte 

of many areas at "a standard scale 'of 1 :24 000; These miay be used as 
. .base maps ■ to;, save the experts^ of producing aerial photos specif icalfy 

for the. 'area. ; "i' ■ .* " : : ■..■'h' ■ 



The third step i 5 to TocatF V^^^^^ examinStion sites on a grid system 
ranging in' dirtienMons from 660 to 1 320 :f,t .(200 to 430 m).. Observations 
are also ,made at sites pther tha'n'gri^ pbints ^as necessary to define 
boundari^es between soil bodies. 



The fourth s'tep is to make field examinations of 'the soil . Soil profile" 
examination consists of V'emoving soil samples' nn 3 to 5 in. (8 to 13 cm). 
Increments • usi'ng.*a barrer auger, which provides a disturbed Soil core 
aboat 2 tp 4 i,n. : ..(5 tp^ 10 cm) "in diameter. ^ profile hcfrizon shouJd 
be .described According, 'to the fdllowing:^ properties: soil color by 




the 'i&rea, % =.If a ^saiV "cloe* not correspond to a known^ series, more 

extensive' descjfipt'ion necessary. ] Observation pi ts are desirable 

in ' lieu^'of auger holes' tt) pennit.66|ter^^"^^^^^ sampling of th^e 

profile. tPi'ts 'are usually excavated to ^ a 6 ft '(2 m) with a 



backhoe. \ - $ ,^ -.^ - 

-'■-..^ ' y"'' 



the final step' is , to artalyze "l.isample ff^om^^ soil - horizon" in 

' a Taiboratory to determine pertin^t^sall jjropertie^^^ Thus; .only a frac- 
"X^ion of the gjiimber 6l^samjp*es taiken in the field during the fourth step 
.would .be analyzed - in the .Tab.pratory4>The major 'properties normality, 
reported are listed in'''^able fi-2.^^^^^^ ...^ ^ . t . 



4" ..; 

1P> 



^ , TABLE F-2 

- .^v^. ; TYPICAL PROPERTI^. DETERMINED 
--ii^^^^v WHEN FOftMULATl^: SOIL MAPS . 



Physical iand hydrdul lc. properties. 

Particle, size distribu^^^ 
t inoisture at 'saturation : 
V Permeability ; 

■ . 
Chemical plxpertle? J 

Cation exchange capacity . 
base^aturatlon' 
* COrtductivity ' ■• z 

% exchangeable; sodium 
56 organic carbon . . 

. 3t hitrogen ' / 



F.3.2 .. Soil Sampling 



;$am|>l iin^of the surface, soi lis i s of ti6n.-i}eed6d tc^ def i He tr^ce elem^ 
deficierttil'es, sodic or saline'' conditidns, and nu 

tent fiirvf ertil ity. Sarnpl trig procedures aris often the l'imiting^'1:actoh 
'^n the accuracy pf a soil investigatiba because: Of th(^ ST?e^^^ 
pie rel^ati^ve to J:he area fepV^esented by the samfrte*- Tl^ 
sampl e Vs normal ly'; cb1 Tected to represent ail. area>ctf 5 to 40 ' aciVes {2' to 
16' ha), -and. 6 in. (15 ciii) in depth^. the sample represents^ at most,: 
one-bill ibntti orf. the/aetual soil' volume/ ■ ■ ' * -1 



* ■ 



There is . no standard . sampl ing :procedut^e"* that can be^appUed, tb^^^^^^^ 
situations, but ■ sbme basic guidelines Cani^^^^ The ;first step in 

any^ sampling .procedure is to subdivide the' ^reV into homogene'ous'^^.^^ 
TKf ^criteria for* hbrnogeneity. are somewhat subjedtiy.ejiand may inc 
-yi.sual differences in' the .5911', or. crop, known -differehces 'in pafet 
jiiapagement,' or other factorSi^ Uniform areas . should be; .subdivided^ 
further - into sampling units ranging in size from 5' ta:40 ac^^ 
ha), dependi;ng on the area^bf uni*]femi ty [73v -'^ 



The second step; is to establish a patiiefn s^cli .as a |r^^^^ 
ling points. In general, samples should be composites of severe sub-: 
samples from the area^ to minimize the influence of itiicrbnvariatiofis in 
soil : properties causecfby* plants^ arjlihals,^ and tertilu^i^^t^^ Hdwevfer, 
composi ti ng "is'^nbt advi sabl e wKen sampl 1 rig for; sal i rift/ testi ng ,/ because 
there may/ be^ large variations in soluble sal^^^^ very small -areas 
CS].; The : numbe^r .of subsampl es. necessary to represerit the samp Te area, 
adequately: ..yar'bes with ;^the degree of accuracy desired; |;he test to be, 
conducted, ' the^ type" of :5oij ; and* previous management. No universally' 
accepted- number vhas Been ^defined, but a. minimum'of 10, and preferably 

■ 'S^ '^ -y . ■ ■ ■ - ' C: ' '^2 '- : ■ ■ '-y'"'^' 



•ZQ, subsamples has been suggested*as a guideline [9J, A, grid* pattern, 
should be used if fields ar? bare or if the status of the entire area is . 
to be represented/ If the identification of problem areas Ms the objec-* 
tive of the- .testing, and , vegetation is present, the distribution of. 
vegetation and its appearance may indicate affected areas and thus serve 
as a guide in selecting sampling sites. When sampling affected areas, 
adjacent unaffected areas should be sampled for comparison. These kinds 
of data wil\ aid, in defining the cause of the problem in^the affected 
area. Nonrepresentative spots, such as .manure spots and fertilizer 
spills, should be avoided when sampling. 

The third steft is to collect samples of the soil. Samples should be ^ 
collected with a tool that will take a small enough equal volume of soil 
from , each sampling site - so that the composite sample will be. of an 
appropriate^ size to process. composite sample volume of 1 to 2 pt 
(0.5 to 1 L) is- normally adequate. The most iropoYtant ctJ'nsi deration In 
selecting a sampling tool 1s that it prov^ide4Jj|^6n^ 
equal vblume to the depth desired. The tool ^^^Hn^^el^^^^cl^ean and 
adaptable to dry, . . sandy soil, as well asi^^^Htivell|^fei%st^?:c^ 
soil. ° Shovels, trowels, soil tubef, ind auge««Bpcom^^ When 
sampling fdr micronutrients or trace metals, toW^ontainliig the metals 
of interest^ should not' be used.^ The depth of samplrnig depends on the 
analyses '|to be coridticted, the cifbp to be grown, and prevljDus. know! 
of the soil profile. ;'<^If a soil survey of the area has been conducted^ 
sampliitg ,of the subspil probably is'not necessary for macronutrient 
^studies. Sampling- of the soil to a depth of at least 5 ft (1.5 m) is 
necessary to detenTiin^vtexturaT discontinu^^ or compacted layers that 
'affect water >penetrSitii^ and icK)ot growth. , , 

The final step is to preserve and transport the samples to the l$b6ral- 
tory. Samples ^ should be handled in a manner that will minimize any 
changes in properties. Samples for analysis of constituents subjteot to 
rapid changes, such as nitrogen, should be frozen or dried rapidly at 
low temperatures. Waterproof b*gs or containers should be u?ed for 
salinity or boron samples to avoid salt absonption from moist samples. 
Any necessary mixing, splitting, and subdividing af the sample for indi- 
vidual tests should be done in the laboratory. ■/ \ ■ 

^- ' ■ • , - ■ • ' ... . ' ' . 

F. 3. 3 Soil Testing 



The* soils- at prospective land treatment si tes^ shoul d be Identified' in 
terms of . their physical, hydraulic, and chemical properties.' The signj- 
.ficance of physical and chiemical soil properties' as they relate to" 
design and operation of land applieatiori systems is discussed in this 
section. Procedures for detprmiaing soil properties are also described; 
however, it is not the in.tept to provide complete analytical procedures. 
Basic concepts of soil properties are presented to'.provide th#: user with 
enough background infanmati on to make, me^ interpretation of test 

results. In addition, the rangeis of the^.v-arious soil properties that 



ire nonnally encountered 'are described. Criteria for the selection of 
• the type of ^and ■ treatitient process based op soil properties are pre- 
sented and<^the effects of soil properties on system design and operation 
l^^re discussed. ^ 
•w.. I. ■ .' ■ . 

F.3.3.1 Physical Properties >r 



Physical jproperties of soils that have important effects on system de- 
sign and operation include texture, structur'e', bulk density, and poro- 
sity- The; primary importance df these physical properties with regard 
to land ^ treatmVrtt process?^ design i§" theiifi effect on sojl hydraulic 
properties- ^ ; ^ 

0 . ' - ■ " • . ■ • 

' F%-3.3.1.1 Textuwe ^ 



Determining soil textural class involves measuring the relative nuinber 
of particles* in the var>ious .particle size gro.ups--g|ravel , sand, silt, 
and clay- These particTe siz^groupi^are defined on basis of a US3DA 
scale, as -shown previously in Figui^ 3-7.% Once the part^e size dis- 
tribution is known, the textural name of the soil can be ofetermlned by 
the relative percentage of each grtfup, as shown in the texturaltftril angle 
^(Figure 3-/). Terms commonly used to describe soil texture ahd their 
relationships to ic^extural classes were listed in Table 3-6. 

The textural group name is 'prefaced by "gravelly" when .^0 to 50% of the 
material is of gravel size or "very gravelly" when more'than 50% of the 
soil is of gravel 'size (2 to 76imm diameter). - -The same proportions^ 
app^y to coarser material such as cobbles (76 to 250 mm diameter) -olr 
stones*(>250 irm diameter). 

The most commonly used methods for determining size distribution of soil 
particles are sedimentation^ methods, irt- which large particles are 
-classified by sievij^g and the settl ing rates of dispersed pad:icles in 
viscous fluid are meSfsured. The measured settl ing rates are rfelated to 
particle size through^^Stokes' law. Various techniques. are described in 
Taylor' and Ashcroft 'ClO]. When unknown sbiT series are. present, 
particle size distribution Tis de1;ennined as part of a detailed soil 
mapping program.; 



V F.3^3.1 .2 Structure 

I. ' ' ■ ' ""^ 

* ■ ■ (? ' 

Structure ' refers V' the aggregatioi^ of individual soil particles into 
larger units (aggr^egates) with planes bf weakness between them. The 
aggregates have propertiies unlike an equal mass of unaggregated primary 
soil particles. .Soils that^do not have aggregates with natural bcWnd- 
aries are considered* to be structureless. Two forms of structureless. 



conditions are recognized--single grain and massive* Single grain ciHr 
.dition refers to soils (formally loose sands) in which^primary soil 
particles do vnot a(4here to one another and are easily distinguishable. 
Massive condition refers to^soils in which primary soiT particles adhere 
closely to one another but the mass lacks^planes of weakness. . 

Althougir soil structure is./ described in terms of size and shape of 
aggregates for purposes of classification, other factors associated with 
structure are more importa^nt from/ the standpoint of soil hydraulic 
properties arid soil-plant relations. These faitors include (1 ) the pore 
.size distribution that resi^lts from aggregation; (2) the stability or 
resistance to disintegration of aggregates when wet and their ability to 
re-form on drying; and (3) the hardness of the aggregates'. Organic 
matter in wastewaters often improves • 'SoiV structure by serving as, a 
binding agent for soil granules. ^ . 

F. 3. 3. 1.3 iBulk Density 



Bulk density (p.) of a soil is defined as the oven dry mass of soil per 
unit volume of undisturbed soil (e.g., g/cm3). The volume thus 
includes void (air plus water) volume as well as particle volume. The 
bulk density of mineral spils can range from about 0.8 g/cm3 for 
recently tilled soils to about 1.9 g/cm^ for highly compacted soils. 
Plant growth ^ceases above atbulk density of 1.6 to 1.7 g/cm3 due to 
mechanical impedapce of root extension.. Organic soils can have bulk 
density values as small as 0.2 g/cm^. Bui k density i s not a constant 
property, but tends to decrease as clay particles swell on wetting .and 
to increase as the particles shrink on drying. When fteld measurements 
are not available^ a commonly assumed value for bulk density of mineral 
^ils is 1.33 g/cm3. - • j 

Two basic methods are used to measure bulk density--gravimetnic and 
gamma ray detection. The gravimetric method reauires xhat ah undis- 
turbed soil core be obtained using a special core Sampler. The core is. 
dried to .-a., constant mass, and the dry bulk der^ity is determined by 
dividing the mass by the core volume. The gaijjma ray detection method 
involves the use of i^nstruments, including a separate source probe and 
detector. The probe can be either placed on the surface to measure 
surface density or lowered into ah access tube for depth measurements. 
The gamma ray ^equipment measures wet bulk density. Thus, the water, 
content must be measured to calculate dry bulk density. This is nor- 
mally done using a. neutron moisture probe [10]. ^ '. ^ ' \ 

■ . 

■ ' ' ' ' ■ .-. 1 ' 

'Bulk density is an important property because it is used to cqjiert 
concentrations of soil constituents expressed-on a weight or.mass Wsis 
to concentrations expressed on a volume, area, or depth basis.^ For 
instance', soil moisture content of an incremental depth of thdflsoil 
profile, when measured gravimetrical ly, is expressed in tierj0^/ of 



g water/g.soil. This value (dm) maybe converted to volumetric water 
content {.^v gm/cm3) by ^multiplying by the bulk density. ^ In irrigation 
.work, is often expressed as an equivalent depth of. water in an incre- . 
i'mental depth of soTT^per unit, area of soil (i .e. , cm of water). A. simi- 
lar conversion is necessary for concentrations of other soil consti- 
tuents such as nutrients and metals^that are measured in the laboratory 
on a mass basis. - 

f^.3.3.1.4 Porosity 



Porosity is a measure of the total void space in a soil profile, the 
soil bulk density (Pb) and the soil particle density {Pp) are 
known, porosity (E) may. be calculated from the following equation.^ 




(F^l ) ; 



Jhe average particle density (p_) of most mineral soils is about 2.65 
g/cm3.v P V ^ 

Porosity is of interest because it affects hydraulic properties of aqui- 
fers. .These effects are discussed 'in Appendix 

■ * ' . ■ " ■ ■ ^ . 
F.3.3.2 Chemical" Properties 

■' . V ■' • • ■ ' • • . 

THe chemical; composi.tion of the soil is the.major factor affecting plant 
growth * and a significant determining factor in the capacity of the soil 
^0 Rfinovat'^ wastewater. Thus, chemical properties should be determined 
prior" to design^to evaluate the capability of the soil /to support plant 
gl^wth ,an(J to renovate wastewater and should be monitored during opera- 
tion to avoid detrimental changes in soil chemistry. 

. • o- ^ _ ' • ■ ^ ' ■ : ■■ • ■ ^ ' - . . 

'Because^-rrf — the variable nature of soil, few standard procedures for 
^ch^mical analysis of soil have been developed. Several re;,ferences that 
/describe analytical metjiods are available [1 1, 12, 13]. A^'complete 
discussion of analytical methods and interpretation of results for the 
purpose, of evaluating the soil nutrient status is presented in Walsh and 
Beaton [14]. ' 

Important chemical soil properties affecting the design and o^peration of 
land treatment systems in^de: pH, cation e'xchange capacity, percent 
ba'se saturatidn, exchangeable sodium percentage, salinity, plant 
nutrients/, phosphorus adsorption, and trace elements. The significance 
of tfiese properties as they relate to design and operation of systems is 
discussed, Methods of determination, of chemical properties are also 
presented along wi th guidelines 'for the intei^retation of test results. 



- F,3.3.2.1 pH ' ■ ^ ' \ 

Soil pH is a very useful parameter because it is easy to determine and 
tells a^ great deal about the character of the soi,l. Soil .pH may be 
determined In the field using portable pH meters with glass electrodes. . 
Meters wi th el^ctrode'^ jjssemblies are used a\rfiost exclusively for r 
laboratory d'etentii nations. 




Soil is prep^rea "^.fo ptf determina^i^ by making a soil -water paste. 
Various soil-wa«ei^^ are commonly us^ed, including 1 :1 , 1:2, 1:5, 

1:10, .and a' saturated paste. The- use of a dilute salt solution has been 
^ suggested as a containing solution because the/ salt will mask small 
differences ^ in the salt coficenfration- of the soil solution that affect 
pH readings. A degree of ^accuracy of +0.2 pH is the. best that can be 
expected ^f rem any method [15]. .When interpreting or using pH data, i t^ 
is important to Icnow which method was* use*d betause.of the influence or] 
the procedure, on test results. , 

SoilS; having a pH below 5^5 contain exchangeable aluminum and manganese 
ion's; i-n so|ls haying a pH below j^.O, these ions increase sharply in 
concentration. The alumirtum ion is very toxic t;o plants, primarily 
affeftting , the/ roots. The ma^ganese ion is less toxic and affects both \ 
plant tops and roots. At ley pH, the other major soil ..cations (calcium, 
magnestum, * potassium, and podium) are comparatively low. Deficiertdies 

<iOf .these anfl otherjlpl ant nutrients, particularly phosphorus, may result 
from low p|rtt» conditions. Soil-s with a pH above 5.5 do not have appre- 

Irciable exchangeable aluminum. Soils with , a pH between 7.8 and 8.2 are 
likSly to cont^jn calcium carbonate, and soils with a pH above 8.5 are* 
likely to xontain sodium carbonate. High acid or alkali conditions can 

.^render a soil* sterile and-^ destroy soil structure^.. A summary of the 
effeats of various pH ranges on crops U presented/ in Table F-3. 

TABLE F-sT 

- EFFECTS 'OF VARIOUS p/ RANGES ON CROPS 



pH range . . Effect 



Below 4.2 Too acid for most crops 

4,2-5,5 Sufwble for acijl- tolerant crops 

5,5-8.4 Sul-table for most crops 

Above 8.4 Too alkalirte for most crops 

(indicates a probable sodTum problem) 



Acid;*' soil conditi'ons (Tow pH) can be corrected in many cases by the 
addition of *caloiuni carbonate (lime) to the soil. Alkaline soil con- 
ditiolis (Kigh pH) can. Ije^Corrected by the addition of acidifying agents. 



:. Cation Exchange Capacity 



The cation - exchange capacity (CEC) is the, quantity of exchangeable 
captions that a soil is able to adsorb. The absorption octurs as a re- 
sult'Of the attraction of the. positively charged cations by negative 
charges that exist oh the sur.facj? of clay minerals, hydrous aluminum' and 
j'ron o)a"des, and organic mat£er.^^ The major cations held on the exchange 
^include calcium, magnesiumjg^otassidm, ^pdiurhy aluminum,' hydrogen, 'and 
ammonium. V Also involved- ^iSS^*^ exchange, to a smal*T extent are migro- 
hutrients su(^ manganese, i^lSSgsand- zi nc. \The,CEC' i.^ a measure of. the 
chemifcal. reactivity of r the ^gKAPd'^ s general ly an- indication of the 



(B-ffectiven^ess of the spil in ^^id^ 
water* such ^as the heavy metal Sj^ 



^nV cationic. contaminants from was te- 
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TYPICAL RANGES 'OF CATIWeXCHAI^GE CAPAGITY OF": . 

. VARIOUS 1"YP# OF SOILS' : : ; • , 





.Range of CEC, ' / . 
meq/100 g - ; > 




. ' . ' San<ty so'tls 


v. l,to 10 




^ ' Silt IpdfDsV V 


'12 to 20 




, ^Ciay apdl X)r9an1c soils 
»" • it*' . .• •■ 

\ . ^ ■ • ' ^ — • A'- \:-. • 


over 20 


— - — A. 



-1 .. ,¥ • 
/• * 



-F. 3*3. 2. 3 Percent Base SatAiitldn 



/ The "flfercentage of, total CEC ocGupled b^i^calcimi, m^^^ 

V ^.ajui soaiam Sf1 s\ ari: ifhp'ortant property know^n as vj^rc^^ 

ThV €em .a mi snomer'^biecausevthese cations ar^^^^ act^0y',4)aslQ^^^^^ 
, thei PteiOT i s /$ti.l T co^ osed. in general , tlfe^^.a^^^^ the 
•'ba'sic ca1?i6fis' r to'*- .plants. increases With the i^egriee^'&lf; base Vatjtfratiorv. 
xJJiie* ph i^lso i^reases a^s»>erc€fTt bise satura^tlolii ite^^ 




■ - SftTJS FACTORS BALANCE OF^ f XCfiANfil^fetf (^^^^^^ 



i;OCCUPY,lNG THE CWMON ■ pCHANKL>XAPAC ITY ':. ; 



^ . ^ i um f . ' 60 40 
A; Ma^gnesi urn - ; 20 ; ta,^ 



um ^\ ' . 5 to 10. 



Sodiuni - " Ohder 5, ^ 
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F.3.3.2.4 Exchangeable Sodium Percentage , 

Soils. containing excessive exchangeable so'dium are termed "sodic" soils./ 
•In the past, the terms "alkali"" and "black 'alkali" were usedw A -soil is 
considered, sodic when the percentage of. the total CEC occupied by 
sodium, the exchangeable sodium percentage : (ESP) , exce.eds 15%. These 
levels (Df sodium cause clay particles to disperse in the soil because of 
the chemical nature of the sodium ion. The "dispersed clay particles 
cause low soil permeability, poor soil aeration, and difficulty in 
seedling emergence. The level af ESP at which these problems are 
encountered depends on the soil ) texture. Pi ne^textured sorVmay be 
affected at an ESP above 10%, tut coarse-textured soil may not be 
damaged until the ESP reaches about 20%. ' . 



Sodic conditions may be corrected by addition of chemicals. containing 
soluble calcium to displace .th?^ sodium followed by , leaching of the 
sodium from the profile. Use of amendments to correct sodic conditions 
is covered in Section 5.7.2. 

The ^procedure for the direct analysis of ESP may/be found in references 
[11,^^12, i3]. The ESP may also be deteminedj^^^^ 

of reliability using an indirect method. J\psJ1\yo^yes the analysis of 
the saturati'on extract of the soil for calcip, magnesium, and sodium; 
calculation of the SAR, as defined i'n tms\following discuission; and. 
determination of the ESP using the nomograph anesented as Figure F-1. 



The degree to which sodium will be adsorbed by a soil from water when 
brought into 'equilibrium with it can be estimated by the SAR: 

SAR = -_=JL^_ .{Fr^ 
• ' ; Y(Ca + Mg )/2 

where sodium (Na)., calcium (Ca),, and magnesium (Mg) concentrations are 
in millieqliiyalents per litre. 

• .-■ ' ^ • ' ' '■' ^ . 

A modified SAR equation developed by the U.S. Sal inity Laboratory can be 
used to adjust the calcul ated SAR for the added effects of (1) the pre- 
cipitation of dissolution of calcium.in soils, and (2)^^the content of 
carbonate (CO3) .and- bicarbonate (HCO^)- alkalinity in the water. The 
adjusted SAR formula and required factors are presented tn Table F-6.- 

Adjusted SAR values of water exceeding 9.(3 ^ can cause pOTif^bility 
problems in clay-type soils^ High SAR is* more damaging to stijcinking- 
swelling clay soils (^montmorillonite) than to nonswelling ty|ls (illite- 
veTmiculite and kaolinite) [17].' Permeabil i^ty ; prbtjlems riela.tejd to a 
high SAR of irrigation water can be corrected'^i)y the addition of gyps urn 
followed' by leaching. ' " 'f . ■ 



FIGURE F-\ 



. NOMOGRAgH FOR DETERMINING THE SAR VALUE OF IRRIGATION 
, WATERr"A|ffl FOR ESTIMATING THE CORRESPONDING ESP VALUE 
OF A SOIL ^HAT JS AT EQUILIBRIUM WITH THE WATER [13] 




■571 



, . • 'table f-6 

FACTORS fOR COMPUTING THE'ADjUSTEO SAR [17] ^^S;;. 

■ ■■■ ■ ■ ..... .■ .^-^^^r.^- 



Concentration 
■ Ca+Mg+Na 
meq/L ^ 



Columrif 1 
-p{K2-K2)' 



Concent»'ation 




, Concentratrpn 


Coliiil'3 


Ca+Mg , 


Column 2. 


. G03+>iCb3'* 


nieq/L 


p (Ca+Mg) 


meq/L 




0.05 . 


4.60 


0.05 -^^ 


4 . 30 


0.10 . . 


4.30 , 


0.10 * ». 


» 4.00 «• 


* 0..15 


■ 4vl2 f 


■ 0J^5 . 


3.82 


. • 0.2,' 


4.00 


0.20. 


3.70 * 


. 0.25 


3^ 90 


, 0.25' ' 


3.60 . 


' '0'.32 - :. 


3i80 


0.31 


,3.51 


. 0.39 - . 


3.70* 


'0.40,^ 


3.40 


0.50 . 


3.60' 


0.50 


3.30 


\. 0.63 ; ■. ....'^ 


3.50.: : 


0.63 " 


3.20 


• ' 0.79 
1.00 
1.-25 


.5.40 
3.30 

0. 20 


0.79 
^HLO.99'" 

^^^^ 1 .^D 


3.10 
3.00 


1.58 ■' 


3.10 


• 1.-67 


2.80 


. ^ li598 


3;00 


]'.98 


2.70- 


' 2-.49 


2.90 


2.49 • 


2.60 


. . . .3:. 14- . ■ 


-2.80 


3.13 


2.50 


3,90" 


.2.70 


• 4.0 . 


2.40 


4.97 


?-.60 " 


5.0 


2.30 V 


6. 30 ■ 


■ 2.^50 


• 6.3 . ^ 


2.20 


7.90 .. 


2.40 


> 7.9 


- 2.10 


'10.00 


2.30 


■• 9.9- ■ 


2:00 


•12.50 ■ 


2.20 , 


12.5 • 


1.90 


' 15.80 


2.10 • 


.15.7 


1.80 


19.80 


2.00 


19.8 • 


1.70 



0.5 
0.7 . 
0.9 . 

1V2 
1.6.' 
1.9 
2.4 

v,2,8'. 
3.3 - 

.13 ■ 

,5.8 
'6.6 

^ 8. tv 
9.2' . 
11 
M 

15";- 

18: V 

22' 

25 . 

29 

34 

39 

45 

51 ' 
59 

67 . 
76 



2.11 
2.J2 
!2.13 

.14 
»5 



;^ 2::i7 ■ 

2;.18.v 
• 2.19' 

2.20 
' 2-21 
2.22 

■ 2.23 
-2.24 

2.25 
2.26 

. . 2 .27 . 
-2.28 

' 2.30 
2.32 
2.34 
2.36 
2.38 
, 2.40 

, 2.42 
2.44 
2.46 
2.48- 
2.50 

: 2.52 

■ 2.54 



SAR = 



Na 



Ca^^Mg 



[1 + (8.4 - pHc)] 



2 



pHc = (PK2-PK2) + p(CatMG) + pAlk 
■ = Column 1 + Cel uDin 2 + Column. 3- 
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F.3.3. 2.5 Salinity . : V - 

Soluble sal ts accumulate in the- /root, zone' of soils.when leaching is 
. inadequate to move them deeper into the soil profiie. Inadequate leSich- 
ing may be due to low rainfall in natural soils, insufficient-irrigation ' 
of ;irriaated soils, or poor drainage conditions. In arid regions where 
annual evaporation is substantially in. excess of precipitation^ salts 
Will accumulate in nearly all ■ibils u leaching is practiced;; ' 

• ■'■ . "■ ' ■ .'■ ■ ■■ • V ' •■ . > • ■ • ■ ■ 

The #aliniiy level of^ a soil, is usually measured on the basis of the 
electricat conductivi ty (ECe) : of an extract solution .from a saturated, 
soil. The procedure for analys-is virtvalves preparation of a saturated 
pais te, followed by vacuum extraction and determination of the ECe sis 
described in' the standard, references [IT, 12, 13]. 'Saline soils are 
deffneid as those yielding an*. ECg value greater than 4 OOO: micromhos/cm 
at 25*'C. Soils exhibiting both saline, and sodic .conditions are referred 
to as saline-sodic soils/i / ^ ^ ' ^ 



Salts in the' soi-l solution will restrict crop growth at various con- 
centrations .depending on the plant. Approximate ECp ranges at which 
crop growth is affected are given in Table F-7 for different levels of. 
crop sal trsensitivity. The salt tolerance levels of individual field 
and forage ^crops' are presented- in Section 5..6, Leaching requirements to' 
maintain an. ECe level in the root zone suitable for full growth are 
also discussed in Section 5.6. . • \ ; 



TABLE F-7 ' ■ 

SALINITY LEVELS AT WHICH; CROP" G^bwTH .IS. ftshlCTED' . 



Salinity range, ECp, 
mlcrornhdVcm at' 25V 



romhdsycm at'SS''^?' ^ ' Effect 

<2 000 » ' No salinity problems r - ' 

2 OOO-^'OOO - , Restricts growth of very salt- 
^ - . >• sensitive crops ' » 

4 000-8 000' ' Restricts growth of nany crops 

8 000-16 000 Restricts growth of, all but 

■ ; -salt- tolerant crops 

>16 poo , ' .Only a few salt-tolerant crops 
prpduce isatlsfactory.ylelds 



Saline .soils may- be reclaimed. by iQaching; howeveV, management df the 
Teactrate i s often requi red ' io protect -groundwaterrqual i ty . JherJJ.S . 
Department of Agri culture V$ randbook 60 [la] dealsjwith the diagnosis 
and improvement of such soils for agricultural purposeis. This' reference 
can' ^ti0 .used- a's a practical^ guide^^for managi^ng saline and sal ine-sc^^^ 
soil conditions, eispeclally in arid 4nd semi arid regions. 



6 Pliant NutrientSv 



Tlje esseritial plant nutrients in addttion^ to carbon, hydrogen, and oxy-^ 
gen, incliide ^nitrogen . (N)i, ^phosphprus (P) , potassium (K) , >ulfur (S) , 
magnesium CMg)^ calcium (Cal^irorfiFe), zinc (Zn);' copper (Cu) , man- 
ganese (Mri)v molybdenum (Mo) ,* chloride , (CI ) , and boron (B) . Sodium (Na) 
and cpbalt (Co) are necessary for isome plantSi^ The elements^ N, P, K, S, v 
Mg, and C,a afe designated as macronutrients because they are required in 
relatively larger quantit:ies. The remaining elements are referred to as • 
rrticronutrients. Deficiencies in any .will adversely -effect plant growth.-' 
The amount of eacft _nutrient in the soil that is considered adequate, for- 
plant growth 'depends not only on the plant but also on -thet test method 
used to mea'sure the nutrient. ' • 

. a ' . ' ... . ' ■ ■ ■ . • . . 

. . • ' ■ . ■ ' . ■ . . • " . 

'• ■* . f . . • " • , " .**.'• 

The object|*yes' of soil testing'for plant nutrients are ^o assess the 
fertility, status of a soil and** to develop a fertilizer recommendation 
fpr production of 'a particular crop. "In'^most cases, the testing invol- • 
ves N, and K since deficieiicies in^these nutrie-nts^^re most common. ^ 
Deficiencies of S , Zn, F^,- and B occur in a few soils, rl'^'ut' deficib'ncies \ 
of other nutrients (.Mo,'.Cu, Co, Ca, Mg, Mlp, Na, and C'^' are relatively 
••rare. . ■ ' . ' • ■■ , \ /, yj,;;-.''[ : >;."■ 

On the basts of commonly used test methods f^the University of^ Calif opn-i a 
Agricultural Extension Service has" developed a summary of adequate 
leveljs of the more deficient nutrients for some selected. 'crops. This 
summary is ppes6nted in Table Cr^Jtical values for rfitf^ogen are 

not included because there are ho well accepted methods for determining' 
available N. This is / due primarily to the fact that N availability . 
depends on decomposition of organic matter which is affected by tem- 
perature and moisture conditions, hente seaisbnal variatioris ia N may-fbe' 
I'arg'e. The-chemistry of N in' the soil is discussed in detail in Appepy. 
dix A. Prior to the design of systems in wHich crop prpdujitipn is con-"^ 
sidered, it is recommended that the fertility status of the'soilbe 

evaluated.; - . / ^ " ^ ' " 

...... " ^: V- ' : , • ■ ■ ' . . ' - ..^ -".r. 

■ '^ 'f^ ' 

A soil testing program^to assess soil fertility should be -^6^^^ 
reputable, cownerciat Taboratory, preferably one that of fers a complete 
service of /sampling:, testing, interpretation, and fertjUj zer recommen- 
dati'ons.''* All -of the • analytic procedures Mnvol ve geftraction of the. 
nutrient with water, a .s,al t solution, an acid solution, or a chelating'' 
ageat. "Selection of the- procedure is ^n' ifriportant. deciMoh^be^^ 
there must be a known • irelati^onship or^ correlation between the testt^ 
result' -and crop • response if the,.test is to provide' meaningful data> ' 
Test data in themselves are not worthwhile unless they aM interpreted 
correctly.. Selection .- of the most sui^table test-procedu^^fi and interT 
pretation of test results must' be based on a good dea^ ^jS|,;b^ckgro 
information, such as /the significant chemical foniis of avail able* * 
nutrients in the- soils in question, the relative productivV Capacity of 
the partlcdlar ^sbil for th^ yarid'us crops, Jind the. response ^bf differeht^ 
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^APPROXIKATE CRITICAL LEVELS OF NUTRIENTS 
: FOR SELECTED CROPS IN CALIRORNIA .^^^^ 



Nutrient' 



. ^ - ^r-' •• .. — 

Apprtnlmate cr1t1(;41 
range, |lpm ; 



Test method 



Phosphorus o y 

Range 3nd pasture J 

Field crops and warm 
''season vegetables 








. ■ JO 
5-9' 


' .0.5'M NaHeOa extrtfction 
* at pH 8,5 , 




Cool season vegetables 


12-20 






Potassium ■ • . ♦ 








Grain and alfalfa . 
. Cotton ' • 


55-&5 ; 


1.0 N ahnonium acetate 
extraction "at pH 7,0 




- Potatoes i ' 


;90^10 


■ . .■ ■ ' ' . r 




Zinc ' . 


a.4-0.6 


* OPTA extraction 













crops' to various rates and' methods of , fertilization* '- A complete 
di scussi on ■ of these and other factors is not wi thi n'the scope of this 
.manual , but .may bp fo.und in-ti^dale and -Nel son [16] and .in /Wal sh and 
Beaton ••[14]. : ^; PTarft tis^ue\; testing may be used "to diagriose plant 
nutriem;^ deficiencies 'or' toxicities. The irrfonnation from pi ant testing 
is oft6n obtalh'Bd only after 'ft is too late- to take corrective action. 
.Information on the use of plant^testi'ng may be/fountl. in reference tT4]'. i 



•I 



F. 3. 3.2. 7 Phosphorus' Adsorption 
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Wr rapid>infiltration ;or slow rate "systems wher« .phosphorus removal i s- 
importantJ the^phosiDhorus adsorption test can be conducted.. To conduct 
an- ads.orpjtion test,, about 10 g of soil is placed in. containers con- 
taining known cgncentrations of. phosphorus in sol-u{ion.> i^fter periodic 
shaking, the s<^l,uti6n is analyzed for phosphorus and the difference in 
-.concentrations from the initial is attributed to ads,orption. .Proildures 
.di-e p.re&en^ei, by.fnf.ield and BTedsoe [18]. ^ . 



7' 



.f. 



, ^.Tofflemife ''and Chen, reported on 5 day phosphorus adsorption in sandy 
soils and .-found that the range Was from 2.8 to 278'mg/lOO'g -Of > phos- 



phorus with i-an . average of 38*[19]-. , Enfield and Bledsoe conducfed ad- 
sorption tests' of" up ^ to 4 (|ionth| and fpund- that the 4' jnonth retention 
• ; was .1.5 .to . 3.0. J times; .' the 5 ^ISy' reten^itibn-tlS]-. ■ vrofflemire and Chen 
, , concluded 'thiat total phosphate'lreitention in an actual sys.tem will be at 
.least 2*'to 5 times tife estimate 'bdi^d on the day adsorption test. 



V -j 
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: F.3.3.2.8 Trace Elements,/ ; i . v ' 

/ . ' ' •.: y '.-"-"/- : : ■ ^■^••/^H■::fe 

A few. \ plant butrifentis can -resifch levels in the' soil that are .toxic to ' . 
plants (pjiytotdxip)'. those pl^concern include ,B,'Z Cu, and Mn/^ there V 
are . al^o 'alien -or' nonnutrient contaminants pre^^^ that/;-' 
will accumulate in soils anxl can* ble phytotoxic'or toxic to .consumer^^^^^^^^^ 
plants containing ihe elements. The majqr'elemerits incTude, ar 
and the metal is cadmium (Cd) , lfea<l (Pb) , niCkel (Ni), mercury (Hg)y.and-^; 
chrcraium (Cr)f . ; 



Excess B oc.turs in scattered dreas in'^arid :and' semiarid^^ r 
frequently, associ jited wi th sal irie soil s but. most of ten rejsul ts frdm^use^ • 
of high-bbron. frriga^tion waters. As in the Tease of: Soluble sal tsy B . 
^Concjpntr-ations in soils may vary greatlf bvej* shortidi stances. / 
similar ,sampl inc[ precautions should , be observed. Toxic^levels 'O^ 
plants -of varying sensitivity, have been well establV 
levels of B in the saturated extract are given iVn Table F^9.^^^^^^^A 
crops Sicjcording to their B tolerance is presented in table S^-'M./ V. * " 

' TABLE' F-9: ---^ ' . :/ 

:^ ^ " : > CRITICAL PHYTOTOXIC LEVEL$ • ^ • : > . ^ 

, . . . OF BORON IN SOILS. / ; ifcc - - 



Value in saturation . 

extract, ppm ' Effects on crops\ 

; ' ■ . * ■ V " ' '. ' ' •. ■ ' ■ . ■ tf^ 

. Belpw.'CS Satisfactory for all.-crpps 

0,5 to 1 * . Sensitive crops may show . ' ; ■ . 

- ■ ' .Vfs;ible. injury. . ' . /. j ' .. ' 

1 to 5 Semi'tol^qnt cr.ops*'may show' ^ 

. J ' * .'■ /. '. r .'visiljle injury . . ■ .-: • 



5 to 10 • , Tolerant crops. may show 
, visiBje Imjury -. . /. 



Two proceduref can * be used 'When analyzitfg soil s fcTr metal s--partial 
extraction and fiil 1 'decomposi tion* " Partial extxactioi\ /measures i^tal 
content . that ' >s available fojn . ^uptakd/by. pTa^^^ 

method of this type is extraction 'wi.1|j^ the chetati agent r DPT A' fol Towed v^^^^ 
by. atomic absorption detemtnat^on^f^^ 

test is described by Viets and: ' '' ' ^"-^-^ -;-^r-' . « . . ■;.r..^u^.\^ 
[2,lil.y 

While Extraction methods are useful for a.sstitssing^^^^^^^^ status; "^y 

have distinct disadvantages o^h^li used >to imoniM^ |n soil c6ni- 

position. resuTti^ng from wastewater applicatipn.s.v^otal decompo 



ind: tThdsay^;D^^ Bi^qwij^^^a^d^ 



sdlublllzatlori of all metal *by hot add digestion 1s the preferred 
method for monitoring purposes, primarily because it will probably yield 
the most reproducible final results. However, total metal analysis is 
time consuming and expensive. A compromise method is extraction with 
hot, Concentrated acid. A further discussion of the relative merits of 
these methods is presented in Appendix E. 



An Important point about extraction methods for meital analysis, parti- 
cularly when developing data for comparisons, is that the analytical 
procedures must be exactly the same in every detaiieach time the test 
is conddcted. Comparison of data developed using ^cl1fferent extraction 
methods or solutions can be misleading. i 
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APPENDIX G 

GLOSSARY OF TERMS. 
CONVERSION FACTORS 




AUTHORS INDEX - 
SUB^T INDEX^ . / 

GLOSSARY OF TERMS 

acre-foot "-A liquid mea^^? of a volume equ^il to covering a 1 acre area 
to 1 foot /of. depth'. ^ ■ ' \ 

K . ' ' . • . ^ % -J 

aerosal -yA suspension of colloidal solid pr liquid particles in air or 
gas, having Small diameters ranging from 0.01 to 50 microns. ^ 
/ ■ . ■ ^ ■ • ■ ' 

aquiclude --A ' geologic formation which, although- porous and capable of 
absorbi/ng water slowly, will not transmit it rapidly enough to furnish 
an app)feciable supply for a well or spring. 

available moisture --The part of th^ wateH^;:^ the soTT^^ibAti can ,^ taken 
up by plants a^t rates significant to "their" growtfv; the moi^^^i^ 'content 
of 'yf\e soil in excess of the uTtimate wilting pcrint. 



nd\n 



available nutrient - -That portion of any element or compound \n the soil 
that caTi be readily\/absorbed and assimilated by growing plants, 
{"available"' should rjot be confused with exchangeable.) 

evapotranspi rati on --T.he combined loss' of .wal;er from a. given area and 
during a specified pe'riod of time^ by evaporation from the. soil surface, 
snow, or intercepted precipitation, and by the transpiration 'and 
building of tissue by plants. ■ * , ' 

field area --The "wetted area" where treatment occurs in ■ a land 
application system. 

field capacity --"(field moisture capaci ty)--The moisture content of soil 
in the field 2 or 3 days after having been saturated •arvd after free' 
drainage has practically ceased; the quantity of water held in^a soil b^ 
capillary actio;! after the gravitational or free water has b'6en allowed 
to drain;' expressed ais moisture percentage, dry weight basis. . ' 

fragipan --A loamy, dense, brittle subsurface horizon that is veryjow inV 
organic matter, and clay but ,is rich in silt or very fine sand. The. 
layer is seemingly cemented an^d slowly or very slowly permeable. ' 

lorlzon (soil ) --A layer of soil, approximately parallel to t^)e soil' 
surface, ' with distinct characteristics produced by soil-forming 
processes. ^ v . 



Ihfil trometer --A device by which the^ rate and amount of water 
infiltration into the soil is determined (cylinder, sprinkler, or basin 
floodijig). ! . 

1 

1ysiroeter- -A devicelfor measuring percolating atncl leaching losses from a 
column of soil, frl^o a device for collectir^j^MiMater in the field. 

micronutrient --A chemical element necessaJ^^Hw smal 1 trace amounts 
\TTeis than 1 mg/L) fot microorganism^ ^^^^Klt growth. Essential 
/micronutrients are boron, chlorid^,, copper^f^H^^^ganese, molybdenum, 

and zinc. ^^^^^H[ 

mi neral i zati on - -The conversion of a compound fr^^^Borganic form to an 
inorganic form as a result of microbial decomposTTl^B 

' sodic soil - -A soil thdt contains sufficient sodiurp,to interfere with the 
growth of most crop plants, and in which l|te e)^phange^ble sodium 
percentage is 15 or'more./ i 

soil water -rThat water present in .the soil'^lp^s in an unsaturated 
(aeration) zone above the groundwater table. Such water may either be 
lost by evapotjranspiration or percolati^ 'to the groundwater table. 

tensiometer --A devise used to measure the negative pressure (or tension) 
with which water is held in the soil; a- porous, permeable ceramic cup 
connected through a tube to a manometer or vacuum gage. 

^ ... 

till --Deposits of^glacial drift laid down, in place as the glacier melts, 
consisting of a heterogeneous mass of rock flour, clay, sand, pebbles, 
cobbles, and boulders intermingled, in any proportion; th^^agricul tural 
cultivation of fields. ^'^^ 

til th - -The physical condition' of. a soil as related to itsx^ease of 
cultivation. Good tiltit is associated with high noncapillary porosity 
and stable, granular structure, and low impedance to seedling emergence 
and root penetration. • \ 

■ . , • . ' ■ ' ■ / '/ '\ 

transpiration - -The net quantity of water absorbe^d through plant roots 
that is used directly in building plant tis^ufe, or. given off to the 
atmosphere as a vapor from the leaves and stem's of 1 iving pi ants. 

vola^til ization --The evaporation or changing of a substance from liquid 
to va'por. . 

wilting . poiht --The ^minimum quantity of water in a given soil necessary 
to maintain plant growth. When the quantitj' of moisjture fal Is below 
'this, the leaves begin to drop and shrivel up. 
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CONVERSION FACTORS ^ 
.3. Customary to SI (Metric) 



U.S. customary unit 



SI 



Name 



Abbreviation Mu Iti pi i er Symbol Name 



A. 



acre 

acre- foot 
cubic foot 

i 

cubic feet per second 
degrees Fahrenheit c 
feet per second 
foot (feet) 
gallon(s) 

gallons per acre per day 
gallons per day \ 
gallons per minute 
horsepower 
inch(es). 

inches per hour ' 
mile • ' 
miles per hour 
million gallons 

million gallons per acre 
mi Mi on gallons per day, 

parts per mil 1 ion 
poifnd(s) 

pounds per acre per day 
pounSs per square inch 

•square foot 
square inch 
square mile 

ton (short) 
tons per acre 



acre 

acre-ft 

ft3 



0.405 

1 234 

28.32 
0.0283 



ha 
m3 
L 



hectare . 
cubic metre 
1 itre 

cubic metfe 



ft3/s 


2ft^32 , 


L/s 


litres per second • 


0 C " 

r 


/n ( °F-i9^ 


or 


TU/ S / 




m/s 




ft 


..fops 




metre(s) ♦ 


931 




L 


litre(s) , ♦ ' 


gal/acre-d 


9.35J 


L/ha-d 


litres per hectare per day ^ 


gal/d 


4.381jx 10-5; 




1 itres per second ♦ 


gal/min 


» 0.0631 


L/S' 


1 i tres ^^er second 


hp 


^ 0.746 


' kW 


kilowatt 


in. 


' 2.54 


cm 


centimetre( s) 


in. /h 


2. 


cm/h 


Lcll L 1 lllc Li cb pel iiuui 


mi 


1 .609 


km 


K 1 1 oiue Lie 


mi/h 


0.45 


m/s 


metres per second- . . 


Mgal' 


3.785 

J /03.U 


ML' ^ . 

m3 


megalitres (litres x/lO^) 
cubic metres » 


Wgal/acre 


.8 353 


m3/ha 


cubic metres per hectare . 


Mgal/d / 


43.8 ■ 
■0.044 


L/s 

m3/S' 


litres peg second 
^cubic metres per secpnd 


p'pm ■/ . 


1.0 


mg/L 


milligrams per litre 


lb 


, 0.454 
453.6 . 


kg 
9 


kilogram(s) V . 
gi''am(s) " . 


lb/acre -d 


1.12. 


kg/ha-d 


kilograms per hectare per day 


lb/in. 2 


0.069 
0.69 . 


.kg/cm2 
N/cm2 


kilograms per square centijneti 
Newtons per- square centinetre 




0.0929 . 


m2 


square itietre 


"V 


6.-452 . 


cm2 ' 


square centimetre 


■ m i 2 


2.590 
. 259.0 


km2' ■ 
ha 


s.(iiuare kilometre 

hectare ^ , 


ton (short) 


0.907 


Mg (or t) 


megagram (metric tonne) 


tons/acre 


2 240 
2-. 24 


kg/ha 
Mg/ha 


kilograms per hectare 
megagrams per hectare ^ 
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New York,^ 5-22, 5-81 

New Zealand, D-2T ' . 

Nitrogen, Appendix A 

ammonia, 2-14, 7-58, A^18:, 'A-19 

crop uptake, 2-8, 2-12, 7-22, A-9, A-10, A-21, A-24 ■ 
management in wetlands, 5-23 ' 

nitrate-nitrogen, 2-14, 7-20, .7-58 to 7-60, A-1 , A-13, A-17 
r nItrffication-iJenitFification, 2-8, 2-11 , 2-12, 2-14, 7-58, 7-65, 

• A-1 to A-15, A-22 to A-28 
nitrogen balance, hypothetical design example, 8-17 to 8-21 
organic, 7-58, A-19 

storage in soil, A-19, A-20, A-24 • ' 
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Nitrogen loading rates ■ , ' I ' . \' 

. rapid infiTtrt^ion, .5-14 / V 

-slow rate, 5^6, 5t7- • . / ' ' \ / 1 

typical loading rates, 7-3, 7-19, 7-22, 7-27, 7-33, 7-45] 7-54, : 



7-61 , 7-72 



0 



t» 5-21, 7-67 to 7-76 



Nitrogen removal 

overland floW, 2-4, 2-12, 2-14, 5-20, 7-73 

rapid infiltration,\2-4,, 2-11 , 7-49, 7-52, 7^59, 7-66, A-25 

Slow, rate, 2-4, 2-8 ] 
. wetlands, 2-15 to ^7 
Nozzles ; ' . • 

discharge, 7-5,/7-J5 

■ pluggirig, 7-36, 7.470 
pressure, 7-15, 7*-43 ^ 
size, 7-5, 7-69 . 
wetting radius, 7-5, 7-15 . 

Nutrient uptake, 5-82 to 5-84 ' 

Orchard valves, 5-53, 5-55 
Overland flow prqcess, 2-11' to- 2rl4, 3-8, 5 

BOD and SS /removal , 5-19/ 5t20 ' 

denitrification, 2-12, A-15, A-26 , 

design example, 8-7, 8-11 to 8-15, 8-25 

design features', 2-2, 7-68, 7-72- 

.design procedure,, 5-17, 5-18 

distribution systems, 5-52. 

hydrau>iCi loading rates, 5-17, 5-19 

microorganism removal, 5-21 

nitrogen removal ,' 2-12, 2-14, 5-^9, 5/20, 7-73, A-15,, A-26 
phosphorus removal, 5-20, B-16 
runoff, 5y76 . ' • / , 

site characteristics, 2-3 j^- 
small system facilities design, ,6-20 to 6-22 
trace element removal , 5-21 

Paris, Texai,. 2-12, 5-19, 5-20, 5-76, 5-87, 7-1 , 7-7l to\7-76, A-26 ' 

Pathogens, Alppendix D 
concentrations, in wastewater, D-4, D-5 
present in wastewater, 0-1 \ • . 

P.auls Valleyl Oklahoma, 2-12, 5-66, 7-1 , 7-67 to 7-71 

Peatlands, 2-14, 2-15, 2-17 

Penman method, F-1 to F-3 . \ 

Percent moisture at saturation, C-5 . 

Permanent solid set irrigation systems, 5-59, 5-65 

Permanent wilting point, C-4 

Permeability, 2-3, 5-73, C-5 to C-8 
classes for saturated soil, 3-24 , ' 

measurement of soil vertical permeabil ity, C-30, .C-31 ' ' 

relation between infiltration and vertical permeability, C-30, C-31 

Pesticides, 7j||k 

Phoenix, Ariz^, 2-11, 5-12 to 5-14, 5-^16, 5-17, 7-1, 7-44 to 7-52, 

■ . A-25, B-15, C-46, D-13, D-18 

' ' -593 , 
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Phosphorus, Appendix B ; . • ' f ' ' . 

adsorption,. B-6 to B-9 ^ ' * , 

concentration in wastewater, B-1 / 

crop uptake, B-3 to B-6 r ^ . * 

leaching, :b-10 i ' ' ' 

management in wetlands, 5-25 * . - 

models^ B-19 to B-27 
. precipitation, B-7 to B-9 ; . : 

reaction rates, B-9^ _ 

removal mechanisms, 2-1.}, 2-l4, 5-25, B-^2 to B-10 
Phosphorus removal, 2-8, 2-9, 7-11 ,'2-14, 5-21 ^ 7-6ff, S-2 to B-19 

over1and\now, 2-4, .5-20, 7-73, B-16 ■ 
' ^ rapid infiltration, 2-^, 2-l1, 5-15, 7-49, B-13 

slow rate, 2-4, 2-8, 5-8, 7-40, B-11 

.wetlands, 2-15, 2-16, 5-22, B-16, B-17 ' ' ' , 

Phytotoxicity, E-26 to E-30 ' v ^ " ' 

Piedmont plateau, 5-81' • . I • 

Planning considerations, 3-31 to 3-44 • 
Pleasanton,. California, 679, 5-93, 7-1 tO'7-10 • / " 

Poland,* 1-.2 ' 

Porosity, C-11, F-10 . . ' / - 

Portable pipe irrigation systems, 5-57, 5-59, 5-60 \ ' 

PreSRptication treatment, 3-10-, 5-26 to 5-30 

examples of, ^-3, 7-12, 7^26, 7-33, 7-41 ,, 7-46, 7-53, 7-60, 7-67 

for hypothetical design e^^ample, 8-^22 ' . 

for small systems, 6-11, . 6-13 . 

impacts on di stributi on sys tents, 5-28 . 

impacts on rapid infiltration application, 5-29 

impacts on slow rate application, 5-28 
' impacts on storage, 5-27 

i^mpacts on overland flow application, 5-29 vl' • 

minimum required, 2-2, 5-26, 5-27, 7-39 
Precipitation 
,of metals, E-14 

of phosphorus, B-7 to B-9<? ^ - 

Process alternatives 

development of, 3-2 to'3-4, 8-8 to 8-12 

evaluation of, 3-4 to 3-12, 3-44 to. 3-56 
Public acceptability of land treatment, 3-^f27^-43 
Pumped .withdrawa^l , 5-73 , ^ 

Quality 0/ treated water, 2-4, 5-1 > * 

artifi/i^l wetl^ands, 2-15 
. overlaid flow, 7-73, 7-74 

pea t1 and, 2-17 , . ^ 

rapfd infiltration, 7-49, 7-52, 7-59, 7-65, 7-66 

slow rate, 7-7, 7-31 , 7-39,-7-40 . ^ ' 

soil ^mound, 2-19 ' 

subsurface discharge Criteria, 5-2 

water hyacinths, 2-16 
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* Radiation method far evapotr.ansp1 ration, F-1 to F-3 
Rapid Infiltration^ 2-9 to 2-11, 3"- 5 to 3-8, '5-10 to 5-17, 7-44 to 7-67 
BOD and SS removaU 5-15 , 
Control- of subsurface ffvDW, 5-48 to 5-50 • 
denltrlflcatlon, 5-14, 5-15, A-14 

design example, 8-7, 8-lOi 8-12, 8^13, 8-25 ' 
design features, 2-2, 7-45, 7-54", 7-^1 • • 
deslgiT procedure, 6-10, 5-lT', 5-48, 5-51 \ 
"distribution systems, 5-48 to 5-51 ' 
hydraulic loading rates, 5-12 ' . . „ 

' /hydraulic slbadlng cycles, 5-13 

ffl1croorgan1-sm removal, 5-16, 5-17 ' - 

nitrogen, riemoval , 2-4, 2-11, 7-49, 'A-2 5 . . 

\ phosphorus removal, 2-4, 2^11, 5-16, 7-4a, B-13, B-15 ' * 

site characteristics, 2-3 . " ' 

small sj^stems, 6-17 to 6-19 , . 
treatment performance, 2-4, 2-11 • 

Reed canary grass, 5-82, 5-87, 6-20, 7-73, 8-17, 8-19, 8-21, A-10. 

• A-24, A-26, B-5 ' ' , 

Regional site characteristics, 3-15 to 3-31 

Renovated water . > • 

monitoring, 5-94 to 5-95 . ^ 

overlahd flow runoff, 5-76 t' ■ ^ ' 

pumped .withdrawal , 5-73 - ■' " , , 

recovery of, 3-12, 3-14, 5-71 to 5-76, '7-35, 7-36, 7-46, 7-49 
stonriwater runoff pro^ls'lons,- 5-76 , 
tallwater .return, 5-74 to 5-76 
underdralnage, 5-71 to 5-73 « 

fteservoir .design,^ 5-38 / 
- Revenues, 3-51, 3-52, 7-8, 7-9, 7-23, 7-24, 7-30, 7-39, 7-41 

Rice, A-26, 8-16 . ■; 
. Ridge and furrow, 5-39 " , <- 

Riparian water rights, 3-32 to 3-34 

Rotating boom sprinkler,,- 5-66 

Russian Artie, D-7 * ' v . 

Rye grass, 7-5, 7-27, 7-37,7-69,7-73" 

S^. Charles, Maryland, 7-1, 7-41, 7-44- ■ ^ ' 

St. Petersburg, Florida, D-17 
Salinity control, 5-92 

San Angel 0, Texas, 3-52, 5-93, 7-1 , 7-26 to 7-31 
San Antonio, Texas, 1-2 , 
San Diego,, California (see Santee^, Calljfornia) 
San. Joaquin Valley, California, 5-80 •/ 
Santee, CaT1fornUr=^-12, 7-76, A-25,ID-13, D-17 ' .. 
SAR, 4-1 to, 4/3:, 7-20 , . 

Seabrook Farms, New Jersey, Z-8 ,-.}■.' 
Selenium, t<21 - , 
Side wheel rOTl systems, , 5-58, 5-59, 5-62, 5-63 
Silviculture, 2-7, 3-19 
•Siphon pipes, 5-53 * . . 

Site selection guidelines, 3-18 * 
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Slope, 2-3, 3-8, 3-18, 3r-19, 5-99, 6-16, 6-1^, 6-19, 7-14, l'(>l, l-n 
Slow rate process, 2-1, 2-9, 3-4, 3-5, 5-4 to 5-10, 7-3 to 7-44 

BOD and SS removal, 5-8 

denitrifi cation, A-11 to A-13 
» design example,, 8-7 to 8-10, 8-12, 8-lfr to 8-24 • 

tlesiign features, 2-2, 7-3, 7-11 , 7-19, 7-27', 7-33, 7-42 , - 

design procedure, 5-4, -5-5 

distribution systems,* 5-39 to 5-48 \ 

field preparation, 5-91* ^ . ^ ' 

hydraulic loading raters, 5-4 

maintenance of infiltration, 5-92 

microorganism removal, ,5-9 

nitrogen loading rates, 5-6 ' 
' nitrogen removal, A-21 to A-24 ' * 

phosphorus removal, 5-8, B- 11 to B-13 ' 

jSite characteristics, 2-3 . ' • 

small system facilities design, ^-14 to 6-17 ^ 

treatment performance, 2-4, 2-8, 2-9 ^ - ' . 

Small systertjfe 

design procedures, .6-1 to 6--14 . . ' 

design example, 6-22 to 6-28 - ' . - 

,Sod, 5^87 ' . ' ^ ' ' 

Soil ' ' ' - ; . 

borings, 4-4 to 4-8 . / v . . ^ 

flogging,, 5-28 to 5-29 , J . 

: tbncentraitons of metals, .E-6 to E-9 

investigations, F-4 to [:-21^ . 
/ mapping, F-4 to F-5 ^ . , ' ^ 

monitoring, 5-96 to 5-99 . ^• 

sampling, F-6 to F-7 > 

testing, F-7 to F-21 
• Soil properties . " ' ^ *. ' ■ ' 

chemical, 4-2 t:o 4-5, ^-97 to 5-99, F-10 to F-21 

hydraulic, 4-2, 4r3, C-1 tto C-30 * ^ 

physical, 4-2, 4-3, F-8 taF-10 
Sails, 3-20 to 3-25 / . 

Soil types 

overland flow, 7-69 

rapid infiltration, 7-48 to 7-54, 7-61 ^ . 

slow r^e, 7-2, 7-14, 7-20, 7-28, 7-35, 7-42, A-39, A-40 
Soil-water characteristic curve, C-1 to C-5 - 
Solid sfet systems (see Permanent solid set systems and Portable pipe 
systems) . - ^ * 

Soviet Union, D-9 • ' 

Species of metals^vE-3- to E-5 
Sprinkler systems, 5-56 to 5-7D 

hand moved, 5-60 \ r 

mechanically moved, 5-60 

overland flow, 5-65, 5-66 / 

permanent solid set^ 5-6.5 

system characteristics, 5-59 

system design, 5-67 to 5-70 ^ 



Stationary gun systems, to 5-61 / 

Storage, 3-10 to 3-13, 5-30 to 5-38, 6^13 ^ \ 
for small systems, 6-13 , - 

for Hypothetical design example,/ 8-23 \ , \' 
Storag^ Tequirements ' \ 

in CO T'd climates^ ^ <>* . ^ ^ 

in moderate climates, 5-33' ' ' 

. ' 4n warm climates, \5-34^ ^ 
' /inf wet climates, 5-34; 7 . ' ' - 

irrigation and consumptive use requirements, 5-35 to 5-37 
J^orage reservoir design, 5-38 • ' \y 

j0^on<iWaa;er runoff.^ , . • 

. Sturgeon Bay, Wisconsin^ 2-18 ' \ ^ ' . 

• Subsurface appl ication,' 2-17 to 2-19 ' . / 
design featdres, 2-2 . 
site characteristics, 2-3^ 
treatment perfonmance, 2-19^^ 
Subsurface flow in rapid i nf 11 tr'ati on;' 57*8 to 5-50 
^Surface flooding irrjgatiq^, 5>45 
Surface systems, 5-39 ' \o/ 

Surface water quality, 3-28V 3-29 ^ 

Suspended solids removals 
overland flow, 5.-l'9, ^5-20 \ . 

rapid infiltration, 5-15, 5-16 
sl ow rat^, 5-8 . ' » - 

System capacity , 5-39 , 

TaMlwater return, 5-74 to 5-76, 7-24 y 
•design factors, 5-75 . ^ 
..Tallahassee Florida, 7-76 ^ 
Texas, 5-80 . . = 
• Tiiornthwaite method, F-3 ' - 

Toxicity, Appendix E, 5-30, 5-99 > ' * 

Trace element removal ^ 
overland flow, 5-21 • 

rapid infiltration, 5-16 V . . _ '\ 
^ slow rate, 5-9, 5-10 . / \ " 

wetlands, 5-26 
Trace elements ; . . ■ * ^ 

in hypothetical slow r^te desigrt example, 8-22 ' 

in soil , E-6 to E-9 

toxicity, 5-30, 5-99, Appendi^' E 
Trace wastewater constituents - > 

Pleasanton, California, 7-8 

concentrations, 3-15, 3-16 ; • * 

Transmissivity , C-12 - 
Traveling gun irrigation systems (see Big gun traveler systems) 
Turf irrigation, 2-7 • 

Underdrain materials, 5-72, 5-101 ' 

Underdrainage spacing, 5-71 to 5-73 ' 
.Underdrainage systems, 5-71 to 5-73, 5-101 ' 
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Unit* process evaluation, 3-4' to 3-12 

Utica, Misstss'ippj, 5-52 " • ^ • 

iValved risers, 5-53 

Vegetation ^ ' • 

effect on Infiltration, 5-/8,'*5-79 
landscape irrigation, 5-88 . 
'monitoring, 5-99 ^' 
nutrient uptake, 5-82 -to 5-84 J ^ ' 

regulatory constraints, 5-90 

selection of, 5*77 to 5-82, 5-87 • _ ^ ' 

sensitivity to wastewater constituents, 5-84 to 5.-87 \ n 

sod, 5^87 ' ♦ 

• wetlands, 5-90 > * . ^ ^ - ^ ♦ - 

woodVands irrigation', 5-88 to 5-90 

^ Walla Walla, Washington, 7-1, 7-10 toJ-18 ' 
Washington, 5-dO 

Wastewater characteristics-, 4-2, 4-3 v . - 
sensitivity of^vegetat.ion, 5-84 to 5-87 ;* 
' Wastewater monitoring, 5-94 ' . . 

Wastewater quality, 3-12 to 3-15; 6-4 . ' ' • 

/Wastewater reuse,. 7-^46. 
Water balance, 3-4', b-8 - . • 

Water rights, 3-32;to3-37^ 
. Westby, WisconsinL 3-19, 5-12, 5-13 
wetlands, 2-14^, 2M6, 5-21 to 5-26 
climatic consi(jerations, 5-24 
design features/, 2-2, 5-22,. 
■ hydrualic loadings, 5-23 ^ 
microorganism ranoval, 5-26 

nitrogen management, 5-23 . 

nitrogen removal , -2-15, 2-16, 5-22, A-27, A-28 

phosphorus management, 5-25 

phosphorus removal 2-15, 2-16, 5-22, B-16, B-17 

process description, 5-23^ 

.site characteristics, 2-3 
: .trace .el emer^ts remova] , >5-26 . 

treatment performance,/ 2-15, 5-22 ■^ ■ 

Whittier fJarrows, California, 5-13, 7-76, D-12, D-13, D-17 
Wisconsin^ 5-22, 5-23, 5-25, 5-81 
Woodland, California, 1-2 
Woodlands irrigatl^on, 5-88 to 5-90 

Yellowstone National .Park, 6-5 

Zinc^lO, E-20, E-31 to E^33 
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